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1697  Har.  18    BBAnMOxr,  T.  G.   ..      ..      ..     Snrveyor  to  the  Rnial  Dlabrict 

CodddU,  Driffield. 

1S&2  Jan.  16    Bbli.,6.,  Aasoo.H.Iuit.  C.E.    Borough  Sorreyor,  Svaniea. 

1897  Jan.  16  Bcu.,  O.  J.,  HJnatC.E.  ..  Conoty  Sarveyor,  Cumberland. 
CulUle. 

1895  Jan.  19    BiLLRfSHAif,  A.  W.  B.,  H.    Engiiieei-lD -Chief,  British  Uu- 

Inat  C.K  mcipality,    Tienttln,    North 

China. 

1896  Jan.  18    Bntmra,  H.  H Surreyor  to  the  Bnial  Diitriot 

Coon^,  Keyniham,  BriatoL 
1886  Deo.  181  BBHNBrT,W.B,G.,ABMC.U.  tUdland  Bank  Obamben, 
B1902  No?.  8  i      InBt  C.E.  SoDtbampton. 

tlS^  ?T:  lIl'BBNiwrw,  J.  P.     8nr»eyor  to  tlie  Urban  DUtriot 

T1900  Jnly  l»f  -  Coiiioil,  Harrow. 

1886  Oct.   161  Bebbutoton,  B.   E.  W„    M.  Oraiiley,  WolTerbamptoD. 
kl896  Jan.  16/      Inat.  C.E. 

1892  Hnr.  11)  Biswics,  W.  R,  Awoo.  H.  214  Aatley   Street,  Dnkln&eld. 
kl899  Hay  6  /      lott.  C.E.  Cheehire. 

1891  June  6      Brtant,  F Borough  Engineer,  Bnralem. 

1902  Mar.  22    BmsaT,  T Snrvpyor  to  tbe  Urban  Dirtrict 

Conncil,  Andley,  Stafla. 
1896  Har.  29    BINNIE.SIR  A.B.,M.I]ist.    9    Qt.     George   Street.  Weit- 
C.B.  (Parf  Prttideat.)  ninBttir,  B.W. 

1896  Not.  28    BmD,  W.  F Boireyor  to  the  Urban  DUtrict 

Coand],  Midanmer  Norton. 

1897  Jan.   16    BtBKB,  E Highway    Bnrreyoi    to    Boral 

Dlstriot  Connoit,  Uibridge. 

1901  Feb.  16    Blaokbuui,  J Bnrreyor  to  the  Urban  Diitriot 

ConnoU,  Soothill  Upper. 
F16T3  Hay  2      IU^okshaw,   W.,  Awoc  H.     Boroiwb  Sorreyor,  Stafford. 
InitOJEl 

1904  Ang.  5      BtiAOEWOOD,  B Borongb  Snrveyor,  Kilmarnock, 

N.B. 
18S6  Jane  12     Bum,  W.  N.,  H.  Inat.  C.E.     Boroogh  Barreyar,  St.  Paneraa. 
iMember  of  Cowteit.) 

1903  Oat   17    Bund,  J.  D Snrreyor  to  the  Urban  Diatrict 

Ooiuicil,  Chesterton. 

1900  Mar.  10    Blood,  A.  T Surveyor  to  the  Urban  Diatiict 

Coancil,  Hitebin. 

1902  Not.  8      Bono,  B.  A Boron  gh  BnrTsyor,  Margate. 

■ISTO  VA.  21}  BwrrBBiLL,  C„  A.MJnrt.C.E.    583    Pulham    Eoad.    Walham 
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IWi  Teb.  37    Bottohlev,  H Siureyor  to  tbe  Uiban  IHstriot 

Council,  Binglaj. 

1877  Hk;  1       BOULNOI8,H.  P.,  H.  iDBt  Lnoal      GoTeniment      Boaid, 

C.E.    (Pait  Frtiident.)  WhitebBll.  B.TV. 

1908  Deo.  12    Bodmb.  J BnrTeTt^to  the  UrbsD  Dittriot 

Caancril.  Bsvinuih. 
01896  June  301 

XA1901  Dec    7|*BowB,  D.  J. Surveyor,  E*«tbonnie. 

I190S  Mar.  21 ) 

«i^Fe""2?}  B«™.H.W Kc»eVillmH»y-«d'.H.rth. 

1904  Avg.  12    BowiB,  J.  HoL Bnrgh  SaneTor.  Ifuwelltown, 

DDrofries,  N.B. 
1898  Feb.  Ift    BowLE*.  A.  E.,  Auoo.  H.  luBt.    Sarrcyor  to  tl>e  Urbfui  Diatriet 

C.K  Conncil,  eaiiilgate. 

1SS8  Oct.   15    BoTLB,J.  C^A.H.IncLCE.    at;  Buireyor,  Amugh. 
1903  Mny  16    BBADLaT,A.W.,A.H.InttC.G.    Borongli  Engioeer,  Bnry,  Ltnet. 
el»<89  Hny  1B\*Bbadut,    J.   W.,    H.  but.     City     Engineer,    WeBtmluitet, 
T1893  Apr.  22/    C.E.  (Jfnntera/CbiHica.)  ».W. 

1897  Jiin.   16    BUDI.ET,  W.  L Barveyai  lo  tbe  Urban  Diitriot 

alixu  T.T.    im  Couneil,  Tonbridgo. 

•J^  2^-  jJI'Bbiwhaw,  P.  E.  G.     ..      ..     Boronjrh  Snireyor,  Twnworth. 

1873  Hey  2      Bbbhbt,  J.  T.       Sntreyor  tn  the  UrbaD  Diitriet 

Cooncil,  Wauitsad,  Enez. 

1891  Aug.  1       Bbttt,  J.  H. County  BnrrEy or,  Co.  Antrim. 

Uelfaat,  Ireland. 

1891  Ang.  1       BumtLL,  W.  H. Bnrreyor  to  tbe  Urban  Diatriot 

Council.       Bonley       Begla, 
StaffordBhire. 

ieS4  Oct   20    BuDOU,  O.  A.       Bnrreyor  to  tlie  Uiban  DUtrlet 

CouDoil,  Bogiior. 
1891  Mar.  21    BBiBRUcy,  J.  H.,  A.  H.Init.     Borongh   Burrtyor,  Bichmond, 

C.E.  Surrey. 

1901  Dec  7      BflooiB.  J.  A..  H.  Init.  C.E.      City  Engii]eer,  Lirerpool. 

<*miin-  rf  CouHcii.') 
IS89  Apr.  1.H    Bbodib,  J.  S.,  A.M.  Inat.  O.E.    Borongh  Engineer,  Blackpool. 

1 905  Hay  27    Buookb,  A Barreyor  to  Hie  Bnral  Dlatriot 

Conncil,  Bleaford. 
1694  0«t   20    Bnoosb,  J Burveyor  to  the  Urbwi  Diatriet 

Conooil,  NorthwJoh,  Cheahiie. 
18SS  Feb.  7  \  Brooke,  W.,  Anoe.  U.  Init.  Surveyor  to  the  BnnJ  Dirtrkt 
B1892  Apr.  23/      C.E.  Conndl,   Gtiood.       '  Lymp- 

"     "   *■      ton     fcaS, 


1891  Feb.  21     Bboom,  G.  J.  C,  H.lDrt.  O.E.    Borough  Eu^rineer,  Su  Uelen'i, 

Lanoa»hire. 
1884  July  10    BaowM,  A..  H.  Init.  aB.    ..     Borungb     ICuKlneer.    Notting- 

1698  Jan.  15     Brown,  C,  A.M.  Inst  O.E...     Borough  Engineer.  Chelmtford. 

1904  Aug.25    Bbowk.  CB.U.        Buigb  Surveyor,  Hairick,  N.B. 

1905  Jan.  2K     Bbown,  F Ttnrn     Engineer,    Kioonbtad, 

U.B.C.,  Bonth  Afrioa. 
1905  Sep.  23    Bbown,  H.  Lane,  A.  H.  Inst    Supervising  Engineer,Laokiiow, 
C.E.  united  ProrinoeR,  India. 

Bimi  J™^23l  Bbowh,  J.  W..  H.InHt.CJL    Chnroh   Bquara,  Weit  Uartle- 

Timfl  rTI^  I  )*Bbowb,  B.,  A.M.  Inrt.  &E.        Bu^^Syor  to  the  Urban  Difltriet 
T188H  B*pt  3  /  Council,  Soutliall  Norwood. 
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OP  MUNICIPAL   AND  COUNTT   ENGINEERS.  Zl 

DutofEWctkn 
(BdrruifcT. 

.1^  ?--■  ?*t'l>BOWK,  B.  E.         „    ■  „      ..     Electrical      EngtnMr    to     the 
■iBWf  Jan.  13)  U^^  DUtriot  Council,  Brid- 

lington. 
189S  Hai.  4    *BBOWNitiDaB,C.,lI.lD«L0.E.    borough  Engineer,  Birkenhead. 
(Xtmbtr  of  OnmeiL)  Son.    Seertlaty,    LuicaahiM 

Mid  Chethire  DistTict 

19MAug.  9      Bbocs,J.  8 Bn^h  Sntrejor,  Dramlitdoi, 

Kirriemnit.  N.B. 
1901  Fjeb.  16    BuTCB,  J.,  AJf.  Inrt.  C.B.         Burgh  Snrr^or,  PBrtiok,  N.B., 
( J/onftw  (p/  Cotmcil).  Son.  See.  ScottUh  DUlrirt. 

Jj^  J^  ^I'BsYMire.  W.  O. County  SrmwjoT.Northallerton, 

1S7S  Hay  2      Bcokrah,  E^  M.  Inat  C.E.  Bomugh  Suitgtoi,  Ipswiob. 

1897  Jaly  S  \  Bcoklkt,  U.  J.,  Amoo.  H.  26Bt!fiiboranghTeiTaoe,N.C.B., 
■1902  Har.  22/      Inst.  C.E.  DubUn. 

1897  Feb.  18    Bmj,  H.  F.,  A.H.  Inrt.  C.E.  CouDt;  Surrejar,  Cliethlre. 

1895  Fe)>.  16    Bmrmia,  T.  F Borongh  BurreTor,  Maidalona. 

UM  Jaa.   IS    Buhdbi.   A.   H.,  Anoo.   H.  Count;  Snrreyoi,  Kilkenny. 

iiut  au. 

1S9S  Sept  24    Bcbsbb,  8.  E.,  H.  Inst  C.E.    Bomu^       BngineBr,      Sootli 

Shields. 
1900  Apr.  21     BDRBnr.  J.  P.,AJI.LutC.E.    County  Bnmyor,  EnniikiUen. 
1905  11a]-.    3     Burn,  W.,  A.  U.Inst.  CE...     Surreyor  to  thu  Urban  Distrlat 

Council,    Sntton-iu-AthSeld, 

Notts. 
1904  Auff.  6      BcBHS,  D Bnrgti   Borreyor,  PoUokiliaiTs, 

N.B. 

1890  June?      Bubslaii, B Boroagh  Surveyor,  Congleton. 

"Jl^  j"-  ^}»Bii»K>[t,A..A.M.In»tO.B.      Borough    Engineer,    Stcdte-on. 

1897  Jan.   16    Bcbbbidob,  T.  A. Surveyor  to  tlie  Bnral  Diitriot 

Council,  Spiliby. 
01899  Jane  20 1 

VA1902  Jan.  25l*BiigH,  W.  E.,  A.M.InstCE.     Borough    Engineer,    Sadbory, 
T1904  Feb.  27)  Suffolk. 

1890  Sept.  18    BcTLBR,W SutTejoito  thu  Urban  Diitriot 

Conooil,  Fareham. 
1899  June  29    Bi:ttebwobth,  A.  S.,  Anoo.    Mnnirlpal  Bngineer,  Port  ElUa- 
M.  Iut.C.  E.  beth,  a  Afnoa. 


1894  Apr.  6      Catmr,  T.,  AsaooJlIogt.  C.E.  City  Engineer,  Worecater. 

.12^  ^'  !?)  CiUBHOBoefl,  T.  W-  Aseoo.  M.  13  Dunoan's  Chambeis,  Short- 

■iwa  Jan.  J7J       j^^  q  j^  viiktiet  Street,  Cape  Town, 
a  AMca. 

1903  Jan.  17    Caldes,  W.,  A.  M.  Intt  C.E  City  Engiueei,  Pmhran,   Tio- 

1891  Oet    17    C*NPBRJ»   A.   H.,  H.  Intt  Engineer  and  Surreyor,  Town 

C.E  Hall,  EuBt  Ham,  E. 

I8S7  Har.  12    Cihpbill,   K.   F.,  M.   Inst.  Borough    Eugineer,    Hnddeta- 

C.E  field. 

ISSS  Haj  12    Cakoi,  E.  B. Surreyor  to  the  Urban  District 

Conneil,  E|iaoin. 

.l^Si  if}"'"-" North  8l».t,l..M, 

>1W2  yX  ^}  ^*''^'*'  J-<  -A-  H-  In**-  C-E.  "  UeriTlile,"  Ctford  Hill,  8.E. 
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ind  Truiiter. 

1903  Feb.  21    GABnB.&.H.       SnTTsjor  to  the  Urbfto  DiMiict 

OoiuioilJittbMUnd,LlTeipool. 
1901  Jiin«2T    Oabteb,O.E ^.     Snrrejorlo  the  Bnnl  Dlatriot 


1S9T  June  19    Cakteb,G.  F Snneyor  to  the  Uiban  DUtriot 

Ceiuidl,  Hexbcnvngh. 
91692  July  II) 
TA1901  Dee.  7  ^*Cabtes,  O.  F.,  A.HJnatG.B.    Botongli  EngiDear,  Ciordon. 
TlUM  Jan.  23J 

1898  Deo.  17    Cabtwkioht,  A.  S SmreyoT  to  the  TJibnTi  Dietrlot 

Connoll,  Wilnuloir,  Cheehire. 
1873  Hay  2      OABTWBiaHT,  J.,  H.  but    Peel  Chkmben,  Market  Place, 
CE.    (Pott  Preiidml.)  Burj. 

1904  June  26    CABm;,  W SarreTDr  to  the  Bnral  DiBtriet 

CoQDoil,  HelfiRd.    SHelfoTd 
Bead,  Bndbory.  Snfiblk. 

1895  Har.  16    Cam,  B.  W. Snrvejor  to  the  Drbmi  Dittriat 

loan  w..   i«i  ConnciL  Farnham,  SniTey. 

.1S5?.';:  a '='"•*••'■ "^SHLXitS™^'""" 

1896  Har.  21     Cbadwiok,J. Bnrr^or  to  the  Urtwn  Diitrict 

CooQoil,  Fennv  Btntfotd. 
1903  Jan.  17    Cuhbbbs,  S.  H Surveyor  to  the  Urban  DUbict 

CoUDoil,  HamptoQ. 
1901  Deo.  7      CiUXOSLLOR,  W.  B Surreyor  to  tlio  Urban  District 

Connoil,  BrovnhilU,  SlaO. 

1897  Jan.   16    CBAmtN,  C.  B.  W Surveyor  to  the  Urban  Diatriot 

looo  M..   A  1  Connoll,  Wembley. 

»\m  ^j  6  f  CH4BLE8,  T. Beaaboiongh  Boad,  Harrow. 

1884  Dec  20    Chabt,  B.  H Saneyor  to  the  Btinl  District 

Oouncil,      Oroydon.      Tom 
Hall,  CioydoQ. 

1900  Feb.   10    Chowinb,W.  H.     SnrrejDT  to  the  Urban  Diatrict 

Coonoil,  Bnrnham,  Smtenet. 
1884  OoL   9      Clabk,  J.,  A.M.  Inat.  O.B...     Surveyor  to  the  Urban  Dlitrlot 
Connoil,  Sleaford. 

1898  BeptS      Cu.rk,E.OV County  Borveyor,  Leitrim. 

tl^  ^  ln\  Clamm,  G.  E.        Boiongh  Bnrreyor.  Bo«ton,Ltn- 

TlWM  Apr.  30J  oobiahire. 

1899  Dot.  21     Clabek,  H.  A Snrveyor  to  the  Urban  Diatrict 

Connoil,  Briton  Ferry. 

1898  Got.   IS    Clabbt,  W.  H.,  A.  H.  Inat     Borongh  Sarreym',  Sntton  Cold- 

CE.  Hays. 

1886  Deo.   18    Cukson,  H.  J.      Bnrveyor  to  the  Buial  Diatriot 

Connoil,  Tamworth. 

1901  Hay  11     Clavtoh,  F.  T.      BoTough  Engineer,  BMRate. 

1893  July  81     Clol'oh,  W Surveyor  to  the  Uiban  DLitiiot 

Connoll,  Andenahaw. 

1899  Cet.  21     Clccas,  B.  H.        Borongh  Snrveyor,  Kendal. 

tl^  rSi'  LI'COAUta.  H.  F.        Borveyor  to  the  Urban  DIrtriot 

Tl»»  uot.  Z4J  Counoil.Snnbun-on-Thamea. 

SI886  OoL   161*CoALEB,   H.    Q^   Aaioc    M.  Bnrveyor  to  the  Urban  Diatriot 

T18S8  Jnly  12/      Inat  CE.  ConQcil,  Market  Uarborough. 

1888  BepL  30    Cooxbill,  J.  W^  H.  Inat  Borough  Snrveyor,  Great  Yai^ 

CE.    (Mtmbtr  of  CoMaa.^  month  j         Hon.      Stcrttary, 

Eaatam  Diatriot. 

1S9S  JuM  24    CoouiLL,  T^  Aaaoo.  H.  Init.  8nrveyor  to  the  Urban  Diatrict 

C.B.  Connoil,  Biggleawede,  Beda. 
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OP  HUNIOIFAL  AND  COUKTT  EHOINBEBB.  Xlll 

DucotElMUim 

1904  Jane26     CousT.H.J Borrejun  to  the  BonJ  D[Btriot 

Gonnoil,    Athentone,    Wax- 
wiokihite. 
lS92  8ept21    CoLLra,W.MA.,M.Iii(t.C.E.    County    Surreyor,    Dnblin.    9 
Hnme  Street,  I>Dblli). 

IS97  July  31     Colusowood,  T.  A Butveyor  to  the  Urbui  Distriot 

Coancil,    ItoliBii,    WoobtOD, 
Boatbamptcn. 
1888  Hky  12    COLLINS,  A.  E.,  M.  Inrt.     City  Engineer,  Norwlob. 
C.K    (iVettdml.) 

J|2?  5^  ^}  COLUHS,  G.  M.      105  Clawndon  Bond,  Whfclley 

'  Bonge,  Hanoheater. 

1S96  Jan.   18    Oolliss,  B. SnrreyoT  to  the  Vrbvi  Dlatriot 

Connoil,  Enfield,  N. 

IdOS  Apr.  29    COLUHS.  W.  A.      Snrreyor  to  the  Bnial  Diatriot 

Council,  Bridgwater. 
tam  FeV  is}  C^'KBEB,  P.  P..  H.  Inst.  O.K    IB  Lower  I^eewm  Straet,  Dnblin. 

Ti  Wi  rwf  fii'CooK,  P.  C Borreyor  to  the  Urban  Diatriet 

TI900  Dec.  ISj  Connoil,  Nuneaton. 

1693  Apr.  22    Coos,  P.  P.,  Anoo.  U.  InaL    enrreyor  to  the  Urban  District 
C.E.  Connoil,    Hanafield    Wood- 

home. 
ti  mn  m!!{  mI*<^<WK,  J.,  AaKML  U.  Inrt.  CE.    Borongh  Engineer,  Ckpe  Town, 
TiBWi  BMx.  zaj  ^ifanb«r  of  CotucO.)  8.  AMoa.    ffon.  Sk.  African 

DlBtriot 
li™  ^{  1S}*C00PM,  C.  H„  H.  Inrt.  C.E.    Borongh  Engineer,  Wimbledon. 
TISW  Mar.  a»J        (J,„„fa,  of  Comca.) 

1898  B^  8      OouPER,  E.  C Snrreyoi  to  the  Urban  Dirtriot 

Conndl,    Bhanklin,    iale    of 
Wight 
18M  Got   20    Ooona.  P.  A.,  C.H.a.,   M.     Director     of     Pnblio    Worka, 
IimL  C.E.  Colombo,  Cejlun. 

1887  Sept.  17    Coopbb,  W.  W Borreyor  to  the  Urban  Dbtriot 

Connoil,  Slongh. 
JSS  «^-  ¥]  COPLXT,  C.  T.,  A.M.In»tO.B.     252  Barkerhonae  Boad.  NelKm, 
rj    HUT.  o  )  Lancashire, 

1896  Not.  28    Cobbrtt,  J. Borough  Engineer,  Balford. 

1896  Jan.  18     Cunooir,  B.  a  '     Surveyor  to  the  Bnral  DUtriot 

Council,  Bfllper.  "Belmont," 
BlflM  Msn  901  •  DafBald,  near  Derby. 

SjS^llh^"'™'^-^ Surveyor  to  the  Urban  Diatriet 

'  Conneil,   Loner    Bebington, 

IBM  J.,..  •>^  1  Cheihiie, 

»iSS  i™   Tv  \  Cotitohj,  a.  p.  I.,  M.  InBt     28  Baldwin  Street,  Brirtol ;  and 
nlBOS  Jan.  17J       ^^  ^^  Victoria  Street,  8.W. 

gjgyj  jj^jjf  CovxELET,  J.  B Burveyor,  Penmaenmawr. 

1898  Hay  21    Cox,  J Snrreyor  to  the  Urban  Didriot 

CauDcil,Margam,Port  Talbci, 

P1880  Feb.  7      Coz,  J.  H.,  H.  Inat  O.E.    ..  City  Snrveyor,  Bradford. 

1900  Uai.  10    Ckakfree,  W.,   M.Bo.,  A.M.  Highway  Smreyor  to  the  Bnral 

Inal  C  ji.  District  OounoU,  Donoaster. 

1S87  Dee.  10    CaurrsMX,  W.  H.  B.,  H.Inrt.  Borongh  SnrTeyor,  Doncaater. 
C.B. 

Piaei  Hay  e     Cbrb,  a.,  Amoo.  H.  Inat.O.E.  Gltv  Bnrreyor,  York. 
(JffmtfT  of  Cornea.) 
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1900  Jul;  19    GBoat,  A.  W.,  A-  H.  Init  O.E.    Socveror  to  the  Urban  Diatriot 

Ooancil,  King'B  Nnrtoa. 
18S9  Deo.  U  'Caowramn,  J.  A,  Aaaoo,  H.     Bonnirb  EneinMr.  Bontlwmp- 
lut  O.E.  ton. 

•l^SS  ^:  i2}*C«iKP,  E.  H SarTeyor  to  tliB  Urimo  Dirtriot 

T1W3  M.J  !8f  Coaaoil,  HineUey. 

Tl^  Aot^  ^}*Oddbi«d,  T.  O Boiongh  Sarvoyor,  Baoalef. 

1900  Jane  16    Ocmnxa,  W. Hishny  Snrreyorto  the  Bnnl 

Dlitriot  Coanoil,  lAnoheatw, 
00.  Dorhftm. 

188S  Dao.  11    Odsball,  A.  E.     Surreyor  to  tlie  Bunl  DLitrlot 

Oonooa,  Sglihul!,  Wuwiok- 

1896  Apr.  25    OusRr,  W.  F P.W.D.,  Pretoria,  Sooth  Aftlo*. 

■im  I^bi  m)  '^™"'  ^-  ''^■'  ■*■  **■  In^O-B-    »"»>»"■  North  W»le«. 

1897  Feb.  13    OuTLnt,  H.  A.,  A-BLIuLCB.    City  Bnrvayoi,  Belfut 

{Mtmber  of  Cemoa.) 


BurveyoT  to  the  Urhaa  Distilot 
Oounoil,Byton-on-Tne;  ffo*. 
Siaretarg,  Northeni  DiatrioL 

1899  Jan.  21     Datimok,  J.  F. anrreyoT  to  tlie  TJrbnn  Dlibrlot 

Coimoil,  millt)Kton  Qnay. 

1900  OoL  IS    Datim,  W.  J.       Snireyoito  the  Urbui  Uriitriot 

Conooil,  NaDtygln  and  Blalna. 
Ooimail  OfBoe*.  Blalna. 
ISBO  ift.  10     DATI8,  A.  T.,  H.Iiiat.O.E.    Oonnty        Biureyor,        Balop. 
(Part  Pr^Mml.     Umber  of        Bhrembnry. 
ComciL) 

1900  Oct   15  •DAmoii,  Q  F 8iiiT«yor  to  the  Urban  Dirtriot 

Cunnoil,  Baikin^. 

■1W2  ^'  8^}  D*'*""'  0-  J Wykeham  Hoiue,  Barking. 

1896  Jaly  25    Diwson,  N.  H.      Boroni^h  Surreyor.  Baabnry. 

18711  Hay  1      D.lwbom,  W.,  H.  but.  0-E.  Bnrveyor  to  tbe  Urban  Dutriet 
Coancil,  Leyton,  TS.K 

1S98  Jan.  15    DaT,  C Borongh  Surreyor,  Cbatham. 

1878  Deo.  9      DEACON,    (i.    V.,    LL.D.  16  Great  Oeo^  Street,  We«t- 

(OlasKOw).     U.  Inat.  O.E.  *  minater,  6.W. 
(Pait  PretidiKt.} 

1898  Jan.  15    Duns,  J Borreyor  to  the  Urban  Dlitnot 

Oonncil,  SmallUMnie. 

1892  Mar.  11  •Dcupbh,    H^  A.    H.  lut  Borongb  Enfineer,  Dembnry. 
C.E. 

1904  .Tnly  U    Dbl&nt,  J.  F.       City  EnKioeer,  Oork. 

F1S90  Feb.  1      Damns,  N.  F.,  A.H.In«l.aK  Borough  En^eer,  Wett  Bat- 

i  S?  271  Dmht.  W.       Ballway  Street,  Kel*M,  Lauoa- 

"  "'^  "' '  thtre. 


■190S  Feb.  21/ 


1896  July  25    Dswanwr,  J Surreyor  to  tlie  Bnral  DUtiiot 

Coonoit,  Chelmiford. 

1895  June  27    OiOKntiOH,  B flnrveyor  to  the  Urban  Dittiiot 

CouncU,  Bernlck-OQ-Tireed. 

.'S2  ifS*"  ]l\  DioxDMOic,  T.  E.,  Amoe.  M.    Burton  Hoiua,  CUftai.  Yofk. 
B1896  Jan.  IBJ      j^^  q  j. 
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1900  Feb.  10    Dumlk,  Jamih      Snrreyor  to  the  VAna  Dlitriot 

Connoil,  Uatlo^. 

18S1  Deo.  10    Dioeu,  J.,  A.M.  lut  O.E.       Water  Engiaeer,  Heprood. 

lS89B^t.21    DieaixWM Snrreyor  to  the  Bunl  DUtriot 

Council,  Bunram.  Frodslum, 
Ghetter. 

1877  Oet   20    DiicBAM,  H. Borough  Surveyor.  Harwich. 

1897  Apr.  10    1>iTn,D.J Snrreyor  to  the  Urban  Distiiot 

IWM  J.n    ifli  Oooncil,  DeaboronKh. 

il^  Jm    17/  ^'™*^'  ^-  ''■*  ^■**-  *"*■  °-^    ^  Pwpeot  OreeoontTHarrogate. 

t!S!i  ^■oil'D'xoii.J.B.,A.lI.IiiitO.B.      BoMUgh   SnrfOjof,   Woolwioh. 
THSW  MO*.  MJ      (j/,,^,  ^f  Oaunoil.)  Bon.  Seordary,   Hetiopolitan 

Disfarlot. 
1887  June  IS     Duox,  B.,  AjK>o.HjDitC.K    Borough  Snrrejor,  Stntford-oa- 

1889  Jul;  1      TKtOti,  P.,  Abkw.  U.  Inal.O.B.    Boroagh  Surveyor, Western  Dis- 
triot,  Wandawortb,  S.W. 

IB97  Jan.  16  *DoDaBOH,  A.  BurreyoT  to  the  Urban  DIatriat 

Council,  Clayton-Ie-Hoors. 
1388  Ha7  12     Doimak,  B.  H.,M.  Inat  C.E.    Connt;     Surveyor,     Armuh ; 
{Member  of  Ccmea.}  Hon.  BeerdaTy,  Iriali  DiitrloL 

1898Jim«30    Dobmbr,  P.  C.       Sorverot  to  the  Urban  Distiiot 

Conncil,  ChtBham,  Baoki. 

SSS  5^f  ?5|"DooaLiB,  B Surveyor  to  the  Urban  Diitriot 

Tiwi  (Mpti/j  Counoil,  KenUworth. 

1899  Get.  21    Drtuvd,  A.,  A.H.Iiut  O.E.    Coanty  Surveyor,  Hereford. 
1891  Deo.  13     Ddffim,  W.  E.  Ih,  M.  Inat    County    Surveyor,    Waterford, 
CB.I.  Ireland. 

»lm^r}'*"'^T.e K7^Cb»^fa  L«.e,    Lombard 

1898  May  21     DuwH,  J Sniveyur  to  the  Bnral  Dictriot 

Council,  Chesterton.    Bnuu- 
wick  Hoiue,  Cambridge. 
1873  Feb.  15    DuKHX>mE,C.,ILA.,H.Iiiat.    92  Victoria  Street, Weatmiiuter, 
O.B.  S.W. 

llm  Srot.  24}''''*™'  ^-  M- 1°^  C.E.     ..     Boigh  BorveyoT,  Aberdeen. 

I882Jiiiie29    Dtbb,  S Engineer  to  the  Bvral  Diitriot 

Coonoil,  Bridlington. 


1879  Hay  1      EARMia&v,  J.  T.,  Auoo.  H.  Borough     Surveyor,   Aabton- 

luit.  O.E.  nnder-Lyne,  Laneaahire. 

1901  Aug.  S      Eamtoh,  W.   C,   B.  80.,  M.  Glasgow  Main  Drainage  Worki, 

Inst.  C.E Fartiok,N.B. 

■IMl  Dm   I^I'Eawttoow.  J 2  Dunkirk  Crewient,  Halifax, 

1883  Aug.  4      EIitok-Shobb,  G.,  Anim.  U.  Borough  Sorveyor,  Crewe. 

InACB. 

18r7  Not.  18    BAYB8,  J.  T.,  U.  Init.  CJL  89  Corporation  Street  Binuiiig- 

(_Pati  Pretidmt.)  ham. 

1890  >Iay  3      Gbbbttb,  D.  J Surveyor  to  the  Urban  Diatriot 

Conocil,  Acton. 

I89D  Feb.  1      Bddows,  W.  0 Boioogb  Surveyor,  Shrevibnry. 

■I^jS!  iJl'BWfcF.J.,  H.Inrt.aE.   „  City  Engineer,    Newoartlfrwi- 


fyne. 
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DiMofEltetlai 


Snrreyor  to  the  Bunl  Diatrict 

Ooiincil,  Bnmle;. 

IfKH  Jul  23    Edwabds,  H.  C.  J.,  Amoo.  H.    Barongb  Engineer,  Luobeth. 
InsLCE. 

lttU8  Apt.  2S    Ei>WAU«,T.  L CoimtT  SntreTor.    Olamorgan 

BridKBiid,  Gum. 

1897  July  31  'Elvdbi^  B.  J Borough  Bnrrejor,  Soutbend- 

on-Beft. 

1BS9  Oot.   3       Eliohd,  J Borough  Sarreyoi,  Poole. 

1873  Feb.  Id     BLLIOK-OLARK.  E.  B.,  M.    13  Charlaa  Street,  Bt  Jamea'a, 
Init.  C.E.  (Patt  Prttidmt.)         London,  8.W. 

1900  Ajv.  21     Elliott,  E.  T.       Snrreyor  to  the  Biir»l  DLttriet 

CoTUKil,    IjIs     of     Thuiet, 
BirobiogtoD-oii-SM. 

1895  Jnlj  27    Ehtwisli,  H.        Sumyor  to  ths  Urban  Dwtriet 

Coiuuul,  Swinton,  near  Hm>- 

1897  Jan.  16    Etavb,  E.,  A.  H.  IiuL  C.E.      Conntj    Snrreyot,    Oamarvan- 

1695  Jan.   19    Er^vi,  E.  I.,  Amoo.  H.  Inat.    Bntreyor  to  the  Urban  DirtricI 
C.E.  Couneil,  Penartb,  S.  Wales. 

1896  Uay  29    BTUtB,J.P. Smreyor  to  tbe  Bnral  Dietriot 

Coimci),  Wrexham. 
1903  Oct  17    Etam,  8 Connty  Surveyor,  Hold,  Flint- 


1890  Jane  7     Faiblbx,  W.,  A.H.  Inat  O.B.    Biohmond     Main      Bew< 


lolunoiid     Main      Bewetage 
Board,  Eaw  Oaideiu,   S.W., 


AiflfM  Iniio  <v\\  '•"*  ""^  Victoria  Street,  a.y. 

Ti^B-Tasr^*"*"*"'''-^ Surv^or  to  the  Urban  District 

TI899  Feb.  25/  Coiioil,  Foota  Clay.   Bidonp. 

1S87  July  14    Fabxau,T. Bnrveyor    to    Urban     District 

Counoil,  SberbOTne,  Dinnet. 

1893  Jnl;  31     Fasbihoton,    T.    B.,  A.  M.    Surveyor  to  the  Boral  Distriot 

But.CJl.  Cooni^l,    Uonway.      Trinity 

Square,  Llandudno. 

1896  Jan.   18    FASHnraroir,  W.,   Anoo.  H.    Sarreyor  to  tbe  Urban  District 

InstCB.  Council,     Woodfud    Green, 

ESMX. 

1896  Nov.  28    Fbathbb,  F Sarreyor  to  tbe  UrUn  Diatriot 

Coundl,  CberitOD,  near  Folke- 

1900  Deo.  15    Fkllowb,  T.  E.      Surveyor  to  the  Urban  District 

CotrnnU,  WillenltaU. 
1891  Jan.    18    Fmn.T. Surveyor  to  the  Urban  Diatriot 

.'liJSS  13 '"■"•■"• ESs''?'th„2?' "4 

'  Stour       Valley       Seweiua 

Boards.  Old  Bank  Qffloea, 
Stourbridge. 

Fl  899  Jan.   21     Fidlib,  A.,  A.  H.  Init.  OJL    Borough  BngiQeer,NortbampfaKi. 

^J^  J^^}Tn«)H,E.E,.A.M.In«l.C.E.    Borough     Engineer,     BetbnsI 

190*  Not,  18    Fibdlat,  J,  B,       Burgh  Burvejor,  Leitb,  N.B. 

169*  Jan.  13    Fitolat,  B.,  A.H.  Inst  O.E.     Bnrveyor,  Bltbam  Gieeu,  8.B. 
19D3  May  IG 'FuauB,  F.  J Borough  EngiDcer.CamMrtben. 
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T1897  Jan.   lel'FimM.G Thomfleld,     Umutou      Lone. 

■1903  July  29)  Sbetrord,  HkntthMtei. 

1903  May  16     PrmuDBioc,     H.,     C.H.O.,    Chief  Engineer,  LondoD  Coantj 
H.  (Mt  CK  Conncil.  SpriuK  Qsrdena. 

189S  Oet    19    FuDusa,  UJ.     Bomngh  Snrtejoi,  Totd  Hall. 

Wiiwifoid. 

1895  Jan.    ]4\  pLOwm.  T.  J.  H.,  Amoo.  H.     Boottlih     Buildings     Bnldwin 
■1899  Haj  G  /      Inst.  G.B.  BIreet,  Brialol ;  and  26  Vio- 

torU  Street,  WMtmiiwter,  H.W. 

!l™  ^j^  2?|«PtWBSi,  A.  H Sarrerorto  (he  Urban  Dwtriel 

T1899  Jan.  21/  j^^j-i^^^j^  ^^^^  VMmi. 

1896  Not.  28    Fobi>,  G atj  BuTTeyor,  St.  Albani. 

BIWK.  Jan.   28/  jj^,^  g^^^  Liyerpool. 

1900  Jnne  16    Fotbbbsiu^  J.  E Snrveror  to  the  Urlian  Dittricl 

Gnuncil,  Brentwood. 
1873  Hat   2      70WLEB,    ALFRED    KL.    1     8L    Peter'a    Bqiura.    Han- 
M.  InK.  G.R.  (Patt  Pren-        olieater;   aod  8A  Uld  Qneen 
dtnt.)  Street,  Weatminater,  B.W. 

1S97  Hai.  13    Fox-Aluv,  C.J Surveyor  tn  the  Urbun  District 

Oonnoil,  Smethwtck. 

rl^  aJt   21  j'^"'*'™''^-^-'**""'''^"*-    Beveicjt  Ihambera,  Lewee. 
R1898  Jsn.    is)      ^■''■ 

Siw»  w^^Wa*"^.^-  W-       Snrreyor  lo  the  Urban  DUtriot 

T1J02  Nor.  8  ;  Ounnoll,  Hoylake,  Chenhtre, 

1895  Oct.   19    Fbor,  H Bnrreyor  to  the  Urban  DUtriet 

Ooanoll,  Goaporl  and  Al*er- 
stoke.     Ooaport, 

Kl^  jJSJ*  11}  *■"•  ^-  ^  ■^*-  *"*•  °-^-       ^  ^B''  ^'~''  '^'*P»rt- 


1877  Oet   20    Gambu,S.O.,  Amoc.  H.lnaL  Uetropolitui      Fire      Brigade, 

C.E.  Southwark  Bridge  Bnad,  8.B. 

18SS  Jnne£      Quouac,  J Borangh  Bumyw,  Dodley. 

J  W»  W  lo}  G**"".  0-  T.      Ertato  Offloe,  Newtown  Linford, 

1891  Har.  3      Oabbbtt,  J.  H Oonnty  Surveyor,  Woroetter. 

alMS  F^!  ^}  Oamu^P Albert  Chambers.  Carr  Lane, 

1902  Jan.  25    Geht,  T.  W.  B.      Bnrveyor  to  the  Bnral  Dittnat 

Con  noil,  I^lgh. 
!      1902  Feb.  22    OBoBoa-ForaLL,  J.      ..      ..     Snrreyor  to  the  Bnral  DUtriot 

Connoil,  Gudstone,  Sairey. 
1905  Jim.  28    Garrwoi,  C.  F. Bnrreyar  to  tha  Urban  DUtriot 

CoiinoU,  TeigcinoDth. 
1901  Oct   19    Qaat,  A.  G. Snryeyor  to  the  Bnml  Dintriot 

Ooonoll,  Hidhnnt,  Sasiiez. 
1900  Har.  10    Qibboh,  S.       BorTeynr  to  the  Urban  Dirtriot 

Oounoil,  Biddnlph. 
1S80  Deo,  14    Gimr.  A.  F Dlstriot  Surveyor  to  the   Kent 

County  Connoil.   Tonbridge. 

70  Quarry  Bill,  Tonbridge. 
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1899  June  10    Glasweli^A. HiEbwft;  SnrreTar,  Bnrkl  Di^ 

trkit  Conseil,  Eton.     1  Wrex- 
bam  BoAd.  Sltraffh,  Baoka. 

1904  Jan.  23    QumBiLL,  G Bnrrejor  to  the  T^ban  Diatriot 

Coanoi]  ,BaI  b j  with  Heithoipe. 
1693  Uay  18  •Glothi.B.H,,  H.Inrt.  C.E.      DUtriot       Engineer,       Spriiig 
Owdeu«,  8.vr. 
BoTt)Qf;b  Soiveyor,  Deal. 
Surveyor  to  tbe  Rursl  Diittlct 
Comidl,    Taunton.       6      81 
0«oTge'(     Termoe,     Wilton, 
Taunton. 
I8B6  Jddb  12     GkMDTSAa,  H.,  Aaioa.  HJiiat.    Borough  Sarreyor,  Ooloheater. 
C.E. 

1897  June  19    Oordos,  F Snrrejor  to  the  Bonl  Diatziot 

CoDucil.     Ballfftz.      Clifton, 
firigboiue. 

1899  June  10    Oocnn,  A.  H,        Borgh  Engineer,  Btirling,  N£. 

tlWl  ^  |^}'Gi""T.  F-  T Batough  Buttbjot,  OraTeMud. 

1905  Sept  23    Gbat,  C.  C. SarTsjoT  to  the  Urbui  Diatriot 

Counell,  Hnyea. 
al8S7  Feb.  5  l*OmAT0BEX,  A.D.,  A. U. Inat    Borough  BaijBfot,  West  Brom* 


pPTlSna  Apr.  22/      as.  (^Mgniber  of  QmcO.-)  wiob, 

1893  lur.  5      Gbibn,  A.  A.         Boroogfa  Sorrejor,  BraohleT. 

1899  June  10    Qbbkm,  G.,  A.H.  laitCE...     Borough      Engineer,      WolTBr* 

bamptoQ. 
1901  Feb,  16    Gbken.J.  8 Borough  Engineer,  Hasllogden. 

1897  Uar.  13    Gnsin,  W.     BnrTe;or  to  the  Urban  Diatriot 

Ooundl,  Castleford. 
A1901  Dee.  7  \  Qtaxsaanajx,  N.,  Aboc  M.    Borough  ICngineer,  Bedford. 
T1903  Deo.  12/      Inat.  C.E. 

1890  Haj  3  \  Gukrweix,    A.,    Auoo.   H.    BO    PnmiTat    Street,   Holbcsn, 
■1898  Apr.  23/      Inst.  O.B.  E.G. 

BlMl  D»?  12/  *3''«»^*>0'>-  ^ 39  Calder  Street,  Todmorden. 

1898  Har.  19    Gbmokt,  T BurreyoTto  the  Urban  Diatriot 

Ooondl,  Newburo-oa-Trna. 
1892  Jan.  16    Gbsosos,  Q BwTeyor  to  the  Boral  Diatriot 

Connoil,  Dniham. 
1B86  Oct.   16    Grbomn,  J.,  Amoo.  H,  Inat.    BarrBjor  to  the  TTrban  Diatriot 
C.E.  Conncil,       Padibam,       netu 

Burnley. 
1SS2  Sept.  30    QBiETn,  B Bnrreyor  to  the  Urban  Diatriot 

Connoil,      Oowpen,      Blyth, 

Northum  berland . 

1897  June  19    OniXTxe,W,  H Bnrreyor  to  the  Urban  Diitriot 

Council,  BnstoD. 

190*  Oct.   28  'QvanvtBM,  H.  LL Borough  Burrejor,  Brecon. 

1886  Sept  11    GsiHLn,  a  S.,  Ateoe.  H,  But    Burreyor  to  the  Urban  Diatriot 
CM.  Council,  Hendon. 

1899  Deo.  16    GnmBHA-w,  P.  H.,  AJH.  inat    Burreyor  to  the  Urban  District 

C.E.  ConncU.  Atherton. 

1898  Dao.  17    Ouiukbt,  T.  J.     Btatee  Surveyor,  Gaemie]'. 

1892  Apr.  28    Gcnvib,  J.  W.        County     Burreyor,     Longford, 

Ireland. 
1890  Uar.  29    Gdktoh.C.  J.,AJI.IiutaE.    Snrreyor  to  the  Urban  Dirtriot 
Oonnoil,  Wood  Grean,  N. 
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DMaof  Qecdm 
■ndTTuHfer. 
1891   Deo.  IS    HACinr,  &.    A.,  H.E.,  H.    Coanty      Surrejor,     Clonael, 

Iiut  O.E.  Tippenrr,  Ireland. 

ISSSJuneG      Haisb,  J.,  A.M.  lut  C.E.  ..     BorouKh     Survejor,     Aberga- 

1896  Api.  2S    HADtgwoiTB,  H. Burrejorto  the  Urban  Dlitrict 

Council,  TedrtiDgtoD. 

18OT  June  19    HiavE,  B Borough  SurTejor.  Dokindeld. 

1902  Bepte      Halx,A Munioipol  Engineer,  Howrsh, 

B«iigHL 

■!IS?  ^  }2l*H*ii,  C. Surveyor  to  the  Urban  DiBtriot 

T1901  Oct.   19/  Cotmoil.      DrojWen,      near 

Hanelieiter. 
1902  Not.  8      Hall,  B.         BoroDg-h  Snrrefar.  Canuuron. 

-1^  SK  i?l  Hall,    J..    M.  Init.  OE.  ExeoutiTe  Bogineer.  l^loipal 

•iWBMM.  ZIJ       (^Membtr  of  CoauO.)  Offioe*,  Bombay  (ffon.  JAn,-™- 

tary,  Indian  Dutriot). 
1S86  May  1      Hall,  W.,  A.H.  Intt  O.E.         Barvsjor  to  the  Urban  District 
Council,  Greut  Croeby. 

1900  June  16    Hallam,  E. Bmrejor  to  the  Enial  Dittiiot 

Coauoi!,  Eton. 

1901  Haj  II     Halleb,  J.  C Borreyor  tu  tlie  Urban  Dlttriot 

ConnoU,  Carlton,  near  Not- 
tingham. 

1905  JniM  22  *Hautkai>,  B Snrreyor  to  the  Urban  Distriot 

Connoi!,  Brierfleld,  Lane*. 

1894  July  7      Haxar,A.      Borough      Surreyor,     Buhop'i 

Caatle,  BhropBhire. 
18ST  Mar.  12    Hahbt,  Q.  H.,  AMoe-HJost.     Borough  Engineer,  Loweatoft 
C.E. 

1904  Har.  26    HAMHOim,  H CouDtj  Engineer,  Hobeon  C.C., 

AacklaDd,  New  Zealand. 

1897  Feb.  13    Eamf,  H.  J.,  Amoo.  K.  IuL    Bnrreyor  to  the  Urban  Dietriot 

C.E  Council,  New  Swindon. 

1897  Har.  13    Hahioh,  J.  H.       Surveyor  ti>  the  Urban  EHatriot 

Conuoil,  Cottingham,  Yorki. 
1890  Sept  IS    HAmoM,  W Surveyor  to  the  Urban  Dlatriot 

ConnoU,  Wantage. 

1895  JfOL   18    Uaka,B ■    ,.      ..     Engineer  to  ToUo  Fu,  Japan. 

1878  Feb.  IS    Habdino.J.B Ashley  Seed,  Epeam,  Surrey. 

;is?c.  !!}•=— "••»•»■ '^"*;^"«'°-'' "^  *'• 

IS99  June  29  *HABauAnfl.  J.  E BnrTeyor  to  tho  Urban  Diatriot 

Council,  Faiaborongb,  Uanta. 

1S99  Hay  6  Habmaw,  El  A^  H.lnit  C.E.  Corporation  Oa«  Engineei, 
Hnddertfleld. 

1897  Mai.  13    Habpub,A.O.      Burreyor  to  the  Urban  Distriot 

Comeil,  Caerphilly. 

1905  Jan.  28    Habfcb,  J.  L.        Town  Surveyor,  Brierley  HilL 

1894  Har.  S      HABPUB,  W.,  H.  Inrt.  C.E.    City  Engineer,  Cardiff. 

(Ptut  Prttiiltnt.    Umber  of 

1896  Jaa.  18    HABaia,  F Surveyor  to  the  Sural  Diatrict 

Couucil,    Toubridge.       Bid- 
borongh,  Tunbridge  Wella. 
1901   May  11    Habbibob.A^  A.M.bkrt.C.E.    Borough  Engineer.  Sonthwark. 
Town  Hall,  Walworth  Boad, 
B.B. 
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DittelBtcaau 
Kdd  Tmullr. 

1899Jiuie29  Habbibox.  Q.  F.  P.  .,  ..  SnTrefoi  to  tha  Bnrml  Dlstriot 
Coonail,  Eait  Blow.  Slow- 
BUtrket,  enffblk. 

T1905  Mm.  3  /  ConT,<iil.  Wombwell.  York.. 

rtM4  Jm  '  Ss)  H*"»roic,  W.,  A.M.  Ia«t.  ttB.    8  Hythe  Street,  Dartfoid. 

1905  Bcfit  211    Hakt.O.A. 8e«ert«e  EnKineer,  Hiuiolpal 

Baildiiigs,  Leeds. 

1896  Oot.  24    Habtuet,  T.  U Borough  Sarreyor,  Colne. 

P1887  June  18    Habtt,  8.,  H.  IdiL  O.B.  L  ..     Oltj  Kngiaeer,  Dublin. 
1B9S  Got.  21     Habtst,    T.    F.,   Amoo.   H.    EnKineer  to  the  Urban  Dbtriot 
Itut.  C.E.  ^niioll,  Ueithyr  l^lTil. 

1892  Apr.  as    Uawlbt,  0.  W Hi^hirar     Surveyor     B.D.O., 

Baiford.      Tork    Cluunben, 
Kins  Street.  Nottli^utm. 
1902  Jul;  10    IUthw,  H.  T„Aw)a  If  Jart.    City    Engineer,    Per£,    Weit 

C.l^.  Aiutmuft. 

1693  Apr.  20    Hatnis,  R.  H.       Borongh     Engineer,    Newport, 

"}^  i'""  J2i"H*YW4Bii,  T.  W.  A,,   A.M.     Boron^h  Surveyti,  Towa  Hell. 
T1898  Jan.  IS/      j.^  (, J,  ,   B.^«ea.      ' 

TlMS  J^  ^}*Hatwood,  S.  S Borongh  Engineer,  Brighou«e. 

1699  Jnae  10    Hbitb,J Siirveyor  to  the  Urban  Diitriot 

Counoil,  UnnBton. 

1669  Jane  6  Hbatok,  Q.,  Amoo.  U.  lut  Snrrayor  to  the  Urbu  Dli- 
O.E.  triot   OoiiDoiU,    Abrun   and 

Pembertuti.  King  Street, 
Wigan. 

1890  Feb.  I       Hmmxaaoa,  A.  J.,  Amoo.  H.    Bnrreyor  to  the  Diitriot  High- 

luit.  C.B.  way      Board,      King«toD-aB- 

Thanee. 

*1^  S^?I}'H«MDRT,  J.S Snrreyor  to  the  Urban  Diatriot 

T1901  Oct   19/  (^_^^^jj^  Oannook,  Staflk. 

1607  Feb.  18    Hbwbt.T.       gnrTeyor  to  tlie  Bnral  Dittriot 

Oonnoil,  Eart  Retford. 

1908  Dm.  12    Hxnbuw,  B.  B. Surveyor  to  the  Urban  Diabiot 

CoiUHil,  Portland. 

t89SJim«Il    Hbboh,  J.,  B.K,  B.A Codd^  BtirTeyM',  Co.  Down. 

Oonithotue,  DowDpatriok, 
Ireland. 

1902  Hfty  10    HzaLOP.B.      Snrrpyor to  the  Urban  Diriiiot 

Council,  Tuifleld,  eo.  Dnrhan 
1870  Deo.  21     BnrMir,  T.,  M.  Inxt.  OE.  ..     Late  City  Engineer,  Leede. 

1891  July  7      Hisann,  T.  W.  B.,  Amoo.  H.     Borough  SurvKjor,  Town  Hall. 

Inbt  C.E.  CheUea.  S.W. 

1698  May  SI    Humihb,  J.     ..  ..      ..     Oblef  Bngiaeer,  Orey  Oo.,  New 

Zealand. 
1898  Deo.  17    HisoBaLim,  D Surveyor  to  the  Urban  Dbtriot 

ConnoU,  Shuptun  HallaL 
IOCS  July  10  *Hiina,  C.  E Surveyor  to  the  Urban  Diitrlot 

Counoil,  Windermere. 
1696  Sept  8      Hnwr,  B.  P.,  A.M.  Inai  O.B.     Borough  Snrveyor,  Southport. 
1695  Juna  27    Hodobox,  W Surveyor  to  the  Urban  Dittriot 

Coimoil,  Keiwich. 
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",S2  f^  !oi  HODSOK.G.,  M-Inrt-GB.    -     r»iighborougL.     Abbej  Bidld- 
■ise  Deo.  1»)  jjjg^  Prince's  Street.  Weat- 

minEter,  B.W. 

.IS?  ^'  ??l*HooBii(.  L.  W "EQwen*."      Preetoii       Eo»d, 

■I901  M>7  11)  LejtonBtonB,  N.E. 

1890  P«b.  1  Hounm,  J.,  A.M.  Inst.  C.E.  Highva;  BurTe^ur  to  the  BqmI 
UiBttJct  Cnunail,  Llandaff. 
Ely,  Ciudifi: 

IS97  Jma.   16    Hou.W.  P Borougli        Sarveyor,      Hoot- 

gomery.     CrowUie^ii     HaJl, 
WeUhpool. 

19M  Aug.  Iti    flouua.  F.  G.       Botgt  Snrreyor,  Qorni,  N.B. 

lB9a  Mmi.  11     Holmes,  U.   W.,   Awno.   H.    Surveyor  to  the  Ufban  Distiiet 
IiiaL  OJL  Coui>i.-il,ValtbsniBtow,  N.B. 

li«S  Sl^  wt'HwJl'.  B- B. Permanent      Way       Kaglnea, 

»iw»  uet  mi  Wellington  Bridm,  I,eedfc 

1901  Dbo.  7    'Holt,  W Surveyor  to  the  Urban  Diitriot 

Conndl,  Bale,  Cheshire. 
I8S4  Oct.  9      HooLtx,  Cosmo  C.  Amoc  M.    Bmvev.ir  u>  Ihe  Itunl  Disbiot 
InM.0.li:.  Counufl,  BartoD-npon-Irwell. 

Gioft'i  BbDh  House,  Dovy- 
balme,  ni  Hanoheater. 
1884  OeL   9      Hooi.ST,B.P.,A.H.Iiut.C.E.    County  Surveyor.  Nottiii^um. 
(ifflnkr  af  Cbwic^) 

1698  Ju.  13     HopinrauM,  F Surveyor  to  tlie  Bural  Digtriot 

Conneil,  Blytli  and  GnctoM^. 

40  Bridice  Street,  WoAwp. 

1889  Septal     HoFKiusoH,  W.  H.,  A.MJnBt.    Borough  Enrineer,   Keighley; 

C.B.    {Meinitr  nf  OomKil^         //on.  S«o.,  Torkahlre  DistriaL 

1(01  Dm.  12    HoRAN,  J.,  H.K,  UJutO-K.    Connty   Surveyor,   S2    Geiiiga 

Btreet,  Limerick,  Irel&ud. 
isas  Jul;  ST  HtttSTALL,  W.  H.  D.  .,  ..  Burreyor  to  the  Vtl»n  Diatrtet 
UouiLcil,  SoDtfaowmm.  9  Har- 
naaa  Bond.  HsUfkK. 
1900  lUy  19  HonamxD.  J.  NixoH  ..  ..  Surveyor  to  the  Urban  District 
Ooanoil,  Hampton  Wick. 
Elugkton  .r>ii-Thamea. 

I9I»  Septs      Hoi>INI,U Surreyorto  the  Urban  Katiiet 

Oonncil,  Oystermouth. 

16M  Mm.  S      UowiHh  U Surveyur  to  tlje  Urban  DisMot 

Connoil,  LitiUhampton. 
nssg  Dec  14)  Howard-Smith,   W.,  Anoc.    "  Aront,"  AfflershamHiU.HJKh 
■1898  Oct.   15/      H.Inst.C.E.  Wycombe 

1880  May  27     Uowoboft,  J Surveyor  to  tbe  Urban  District 

Conncil,  Beiloar,  Yorkshire, 

18M  Jnn«21     Howeix,F.G County       Burvevor,       Surrey. 

Eingaton-iin-Thames. 

1896  Feb.  22    Howbi^  W.  T.        Surveyor  to  the  Urban  Dirtriot 

Council.  Bexley. 

1897  June  17    Hcirats,  H.  T Hishway    Surveyor,    Hsvlield 

Boad.  Chapel-en-le-FriUi. 
"woi  cSt  3*}*HniJ,  G.  E.,  A.MiiataE.      Besident     Engineer,     Benares, 

1897  Jan.   16    HvMraani,  J Borveyor  to  the  Urban  District 

Connoil,  HaeaCej;. 

1899  JitDe  1       HvxPHBBS,  H.  H.  Burreyrar  to  tbe  Urban  Dintriot 

Connoil,  Brdington. 

t8HJitM21     Udnt.O.J Borough  EoKineei,  Dioobester. 
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Dite  cr  Qectlan 
udTruAfn. 

1897  July  8      Hdkteb,  T Sonejror  to  the  tlTbui  Distriet 

Gonnoil,  Leigh. 

21^  t"*- i.|*HiBD,  H Borveyor  to  the  Urban  Dirtriot 

■rl8M  Apr.  25/  OoDi.ral.  Braaditain. 

S12SI  f[^' ?*l'HtirTOH,  F Snrreyot  to  the  Urban  Diitriot 

T190I  Deo.  7  f  Council,  Aahton-on-MeMsy. 

t}^  S^*"'  5?1  HoTTOK,  e Burreyor  to  the  Urban  Diatriot 

Ti903  Mar.  21}  Connoil,  Eimonth. 


IS9S  May  21     Ikoamellb,  B.  W. Sucreyar  to  the  Urban  Diitriet 

Connoil.  Poke»di™n. 
-ill^  ^  |"i»lirsH*»i,  W.,  A.M.  loitCK.       Hydwulio      Enpneei,       Port 
T18M  Oct  24J  Elizaboth.  South  Africa. 

1699  Feb.  25    Ikobau,  B Ooniitj        Surveyor,       Deron. 

Exeter. 

1888  Not.  17    Ibtixh,  W.  E Surreyor,    Tooirmg,    Qneen*- 

miu  T        sii  land,  Aoattalla. 

..Ss  M™o  f  I«'"cs.L-H.,A.Inst.C.a..     3  Vemliun   Building*.    Qray'a 
B1VU2  Nov.  8  )  j„„  mc. 


leUH  Jane24(  T ^„    „ „ 

"i,n.W.C. 

19M  Hay  2B    [veson.  J.  A Snrveyor  to  the  Bnral  Dlatriot 

Conocit,  2  Natet  Btreet,  Scar- 
borough. 

IMW  Joly  19    Jaok,  G.  H Surreyor  to  the  Urban  Dinriot 

Council,  Aston  Hnnor. 
1893  Oct   21    J&FFBET,  W Town  Burreyor,  Matlock  Bath. 

1896  Oct.   24    JAHM,  A.  a,  A.H.  Inrt.  C.E.    SnTveyor  to  the  Urban  District 

Council,     Qrayn     Thnrrocb. 

Grays. 
190S  Dee.  12    Juiia.  C.  C,  Minit.C.E.    ..     Bpaoial     Draio^     Engineer, 

Municipal    ORloea,    Bombay, 

India. 
1900  Mar.  10    Jahes,  J.  P. Ftogmore,  Tenby. 

°}S5I  S"?;  ^I'JAMiaoM.   M.  W.,  A.  M-lDrt.     Borough  Engineer,  Stepney. 
T1890  Mar.  29/      ^,  g  -  qj  "^j;^  ^^^  Whiteoha|il,  E. 

1897  Feb.  13    Jabtis,  B.  W Bnrreyor  to  the  Bural  District 

Connoil,  Tenbnry. 

1885  Apr.  18    JciTBg,  E Snrvpyor  (o  the  Urban  District 

^isoD  !„.,    i'(\  ■  Cijuncil.  Melton  Mowbray. 

SiSS  n^'    ?!*J«"™.  R.  H. Suireyor  to  the  Urban  DUtriot 

I  ™  ?t   \l{  f^""'^'-  Che«hnut. 

2iS«  tVt'  i!W»»=™-O.J.,A.M.InjtC.E.  Surveyor  to  the  Urban  DUtrict 
T1896  Oot  24/  (^^■'^;,^  Finohlev,  N. 

181)9  June  10    JcHKiKa,  D.  H.,A.U.Lui.O.E.    Borough  Surreyor,  Neath. 

1880  Feb.  7      JiiniiNOs.  Q Borough  Burrejcjr,  Eotherham. 

1895  Hay  23    Jefboit,  J BurTeyor  to  tlia  Urban  District 

Council,  LeTeushnlme, 
1892  July  21     JBTOVB.J.H.,A.H.Iiut.C.E.    Boioueh  Surveyor,  Hertford. 

1904  Hay  2f)    Johnson,  J Borough  Surreyor.Bawteniitall. 

1895  June  27  Johnbtoh,  J.,  H.  Init  C.E.  Waturirorta  Engineer,  Brighton. 
ISSR  Aug.  4  I  JoNEH.  »,£.,  Lt.-Col.  A.  8.,  Bidge  Cottage,  Finahaniptt«ad, 
RI902  Nov.  8  /      H.  Inst.  C.E.  Berks. 

1873  Feb.  15    JONES.CHAS.,M.Inst.C.E.    Borough      Burreyor,     Ealing, 
(Fait  Prtiidmt  and  Om.  Sot.        Hiddiesei. 
SKretary.  Membtrof  Omteil.) 
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DuaoIDecOon 
odTnoftr 
ISM  JqIj  7      JoHH,  CHBrnoPHSB  ..     Botoagb  Barva70i,H;tbe,  Kent. 

TlftM  ^™gB}*Jt"«w.  *".  W Suireyor  to  tlie  Urban  DUtriot 

11904  Jnne  26J  OoiieiL,  Frame,  SomeneL 

1S74  Jan.  29  Jown,  L  M^  M.  Intt  O.B.  Oil;  Bnirejor.  CbeaCer;  Engi- 
neer  to  the  Dee  Brii^ 
ConuD  laiion  en. 

IS&t  June  21     Johm,  J Snrvejor  to  tlie  Rural  Distiict 

Cooneil,  BeofcoMl,  vid  Oudiff. 

1594  Jane  21     Johm,  J.  O Barrejor  to  the  Bnral  Diatrict 

Coancil.  BiKgleswade. 
1903  Juno    6    Joaal^  B.  B Smrejor  to  the  Uitui  District 

Council.  Hortfortb. 
1900  Hu,  10    JoHi8,T.O Bwvejor  to  the  Urb»ii  DiBtiiot 

Ooiiiicil,Piiiiile7.  Oamberloj, 

IBtt  May  28  Joxia,  W.,  Amoo.H.1iuLC.E.  Surveyor  to  the  Urlnti  Diilriet 
Coonuil.  Colwyii  Bay. 

1897  Feb.  18    Joins,  W.  J Snireyoi'  to  the  Urban  Diitriat 

Cooniil,  Bhondda. 

1595  Apr.  23    Jotfu,  W.  P. Snrreyor  to  the  UrUu  Distriot 

Coundl,  Glynoorrwg. 

1891  June  25    Jusca,  W.  H Snireyor  to  the  Urban  DiatHct 

Council,  Tipton. 

1905  Oct.   28*KkT,  G.  H SnrTeyoi  to  the  Urban  DUtriet 

Coiinail,  IrUm,  Lonca. 

tim  ^[  is!  ^*''  ^'  ^'  ^""  ^°*'-  ^-^    -^"^  ^''**''  i'o"B'"*-  i»'«  °^ 

M8S9  Feb    9      Kw>,  J.,  AaK«.H.Init  O.E.     Engineer  to  the  Hunioipelfl; 

tS  BriiibMie,  QneenaUnd. 

1B92  Apr.  28    Kknhidt,  J.  D. Borough  Simeyor,  Betford. 

190S  Ju.  28 'KlHTON,  L gnrreyor  to  the  Urban  Distriot 

Council,  TottinEton. 
1895  Hay  29    Kktwooh,  H.  G Borreyor  to  the  Urban  Diitrict 

Gounoll.    Hoyland      Nether, 

Baraaley. 

1892  July  1 1     KiSD,  T.,  Anoa  U.  Inst.  G.E.    Snrreyor  to  the  Urban  Dtatriat 

ConiirlltScHdlincote,  BortOD- 
on-Trent. 

1899  Oet  21    Killick,J.S.       HtehwaySaiteyorto  the  Rural 

Diatrict  Cuancil,  Otovdoa. 

1899  Jnoe  29    Eiluox,  P.  O Borough    Bufveyor,    Finsbary. 

E.C. 

■19ol  Juli  ia}  Knnnww,  A.  H Abbey  Cottage,  Leek,St»f&. 

1888  tjept.  15    KiBK,T..  AMoo.H.Iaet.  C.B.    TowoEngineBrJpawiob.Qaeeaa- 

laiid. 
IS92  Mar.  II     Kibebt,  S.  A.,  H.A.,  Aaaoe.    Oonnty  Surreyor,  Cork  <Smith 
H.  Inst  C.B.  diTision),  l-:«iit  Riding.   Hin- 

mur,  Queeiistomi. 

1395  Oct.   19    KiCAPP,  B.  W.        Borough  Surveyor,  Andover. 

1903  June  25  *KinnnnrBB,  F.  W.,  A.H.InsL    Surveyor  to  the  Urban  DUtciet 
C.B.  Counoil.  Haverhill. 

1903  June  S3  'Kncwsttbb,  J.  J Surveyor  to  the  Urban  Diatriot 

Council,  Penritb. 
■im  Jm!  17}  KsmnT,J.M.,A.M.Init.C.B.    85  Bancroft  Bosd,  Mile  End,  K. 
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nua  of  HccUdd 

wd  rnnKpr. 

1884  OoL  9      Laokt.  F.  W.,  H.IiiBt.O.B.  ..     Bvough      Engineer,    Bonrne- 
moutli. 

I1M5  Mar  lfl}*^*"">  "''■  *■        Boiuugli  Soirojor.  0«wi«try. 

Jl^  ^  ^1  LmAH,  O.B.,M.  IiMtOJ:.    HtvifB      Chunhen.      PieUo- 

1900  Dot-..  IS    LAiLn.H.G.  N Snireyor  to  the  Urban  Dulriel 

Conodl,  Trowbridf^. 

1900  July  10     Laithwaitk,  V.    ..      ..      ..     Surveyor  to  tbu  Urbu  DUtriot 

Connoil.  Tnrlon. 

1901  Apr.  30    Lambbbt,  A.  P P.W.D.,     Winahfiatijr      Hnuae, 

.iruM  u      aa\  JolianoeaburK,  South  Afriok. 

tIS  £    1}  '■"""■"A,"-  ■'-    •»-»■    01lTE.gi»,„.I«^. 

1904  Out    la    Laksai.1,0. Bnrgh  BurvoyoT,  Hunselbargb, 

N.B. 
1S9I  June  6      Landlbm,  J.  T,,  Aimm.  M.    4  NlohuU*  Street,  Bnmle;. 
InatCK 
id«B  I^'t  e'l  Latham,  A.,  ILInftO-E,   ..     Huakipnl  Baildings,  HBrgate. 

1904  Aug.  25    LAiTBtE,J.  F.        Dnrgb  Burvejor,  Bo'neia,  N.& 

1884  July  10    Lawboh,    C.   O.,   Amm.  H.    Surveyor  to  tUe  Urbku  Dittriet 
Inst.  C-B.  CouDoil.  Houtfagkte.    DUoiot 

Offices,  Polmer'B  Green,  N. 

1900  Mu.  )0    Latitoh,  C.  H Snrrejor  to  the  Uibnn  Dittriet 

Council,  WarminrtFT.    Cluitt- 
ohurob  Cottage,  Wnnniuter, 

TlMI  lUr  n}'LiA,M..A.M.rnitO.B,     ..  City  Bnrveyor,  Tmro. 

1904  Ang.81    Lu,J Bargh  Surveyor,  Paisley,  N.B. 

1896  Oct.   24    Lbxbodt,  J.  W. CoaTitj8imeyor,Co.Tvraiie(S.). 

1895  Mar.  19    Lnrs,  H.  J.  G 0<inuty  Surreyor,  Huntingdon. 

1880  Apr.  10    Lbtb,  W.  H.,  AJLIodtO-B.  County  Siirvayoi,  BedFurd. 

1900  Hay  19    Lajo,  E.  L     BuioiiKli8ai<reyor,ChriitehuRh, 

Hula. 

1894  Hay  19    LeiBH,  W Borough  Surveyor,  Choiley. 

1878  Feb,   15    LEHON,  J.,   H.   liut.  O.E.    Laoadowne       Home,      Sonth- 
(Pad  PrtMani.}  ampton;      an.l     11     Viotoria 

Street.  WeiituiinHtcr.  S.W. 

1899  Oct.   21     Lima,  E.        Engiiieei  to  the  Buraj  Diitriot 

Oonnoil,  ClieaterBeld. 
01896  July  26] 

T1899  Dee,  IBI'Litbiubdqe,  J.  W Wigon  Boad,  Aahton'tu-Haker- 

B1903  Feb.  21 1  fli^ld. 

1891  Mar.  211  Lituioktome,   G.,  Anoo.  H.     Bank    Bonae.   Lcwm  Temun, 
B190I  Aug.  24f      Inat  C.E.  Hove. 

*1M0  Ort^  Jsj'LoBLM,  F.,  AM.  Inrt.  O.E.       Town  Sarreyor,  Hale.  Cheahlrt. 
ISTS  Maj  2      LOBLEY,  J.,  H.  Inat.  O.E.     Borough     Engineer,     Hanley, 
(Past  PrttiOtnt     MmUr  of        StafibrddiiK. 
OwiKil.) 

1896  JniiH  -ir,    Looks,  W,  B.        Borough  Surveyor,  Town  Hall, 

Hemel  Hempeteud. 
1889  Sept.  21     LoMAZ,  a  J.,  Aaww.  H.  Init    Ei^neer  to  tlU  Urb«n  DiatrM 
C.E.  Connoil,    Gorton.      37   CiOM 

Street,  Hanolj  eater. 
1904  Mar.  26    Lorodu,  H.  W Surveyor  to  tbe  Urban  Dirtrict 

CouMil,  Peuga. 
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1896  Oct.   21    LoRQFULD,  B.  W.  F^  H.  Inst    Coautj  Snrreyor,  Co.  Cork  (V.). 

C.E.  BknHnn. 

1308  Deo.  12    Losaui.  H.  B DUttiot  enireror,  Town   Hall, 

MuDPlieater. 

1902  Not.  8       Lobd,  B.  I Bonmgh  En^ser,  Greymoath, 

New  Zekiimd. 

1901  Hay  II     Lotkdat.  W.  F. Borough       Knr^eyor.       8tok« 

Newiuglon,  N. 
1692  Jmh.   16     IiOteshov*,   E.  J.,  H.   Iiui     Boroagli  Engineer,  HoruHti v.  N. 
C.E. 

1897  July  S      LuMBum,  J.  L Bnrgh  Surreyor,  Kirkoaldy, 

1896  Jnly  25     Ldnd.  C Surveyoi  to  the  Urban  Dlatriot 

Council,  Cleokheatou. 
1886  Oot   H    Ltham,  F.  J- AnDo.H.IuL    Oonntj  ISurveyor,   Co.  Tynne 
C.E.  (N.>. 

fll 888  July  I2\*Ltham,  G.  T.,  ABoc.H.Init.  Borough  SurreyoT.  ttDrtoD-on- 
TI897  Oot   16/      C.E.  Trent. 

ISOl  Aug.  1       Ltkaji.P.J. Connty        Snrreyor,        I«ath. 

Dundalk.  Ireland. 

I87S  May  2  \  McUuth,  A.  G.,  Abmo.  M.  Montagu  Road.  Bnle,  Cheshire. 
■1900  Mar.  10/      Inat.  O.E. 

1905  Har.  8     HoBera,  M.  B.     SaTTeyrartoMiil-.^rgyllDiatriet, 

AigylUhire  County  Council. 
Kilmory  Cottagp,  LochgQ- 
pheiui,  Argyllshire. 

1883  May  30    HtoBBUB,B.A.,H.Inrt.aE.  aty  Engineer,  Lincoln. 

1904  Ang.  24    ]IcBri]>k,8 Burgh   Snrreyor,  Bntherglsn, 

1900  Feb.  10    UoDebnid,  0 SnrreioTto  the  Urban  District 

Counoil,  Eston. 

1897  Feb.   13    HoDoHALD.  A.  B.,  H.  IiMt.     City  Engineer,  Glaigow. 

C.E.    ilttmi^r  of  OoumtiL) 

190(  Oct  29    HaoQhkoob,  J.  H Highway  Surveyor  to  the  Rural 

DUtriot  Counoil,  14  Miirket 
Place,  Morpeth. 

1897  Jan.   16    HmiKbhzi^D Connty  Surveyor,  Ihinfermtine. 

1895  Oct    19    MoKDjanc,  J.  MoD.      ..      ..     Surveyor  to  the  Rural  Dialriet 

Counoil,  Bucklow.  7  Market 
Street,  Altrioohiiin. 

I9M  Oct   1       SUoKix,  G.  D Burgh  Surveyor,  Crieff.  N.B. 

1879  Oct  23\  HuKiB,  U.  U„  H.  Iiut  aB.  The  White  Hoase,  tipondon, 
K1S89  Get  19/  Derby. 

1896  June  30    MoEiU^,  B Burgh  Surrey  or,  Perth,  N.B. 

1898  Feb.  19    Hadw,  W.  B.        Survayor  to  Uie  Orban  District 

ConDcU,  Rosliden. 

1897  Mar.  13    Haoi^F.  W^  AMOcH.Inat    P.W.  D.Kaala,L1lmp^^,SelaD- 

C.E.  gor,  S.  Bettlemeuts. 

1886  Dec.   18    Haib,  U.,  H.IngtC.B.  Burongh    Kngineer,    Hamuier- 
■miUi,  W. 

1900  Feb.  10    Hallikmn,  J Snneyor  to  the  Urban  District 

•1891  Jan.   21 1  Conndl,  Skipton. 

T1B97  Jnnel9}-MANUT,J. 7  Oxfbnl  Boadj  Wokingham. 

U901  Jan.  23) 

1892  Joly  21     Munmra,  G.  V Sutveyor  lo  the  Rural  DUtriot 


•1896  Jan.   151 
T19DI  Aug.  21J 


Council,  Stainea 
■'MAKKa,C.  W Borough     Surveyor,    Woking- 


1888  July  12    HAUa,  H.  C,  H.  Inst.C.K    City  Surveyor,  Carlisle. 
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1899  H»7  6      Habh,W.  L Bnrreyor  to  the  Uttaii  Diatriot 

Connoll.  Bbf  mnej. 

1897  Mat.  IS    Mambali,  J. 8<irve;or  to  the  Bnml  Diatiiot 

Gounail,  West  Hailing. 

1891  Jan.  211  Habstoh,  0.   F,  Aucw.  H.    Huonio   Hall   Chamben,  Hill 
B1902  Not.  8  f      Intt  C.E.  Street.  Hatton  OnldBeld. 

1894  Hsi.  8      Uabtbn,    H.    J.,  Anoo.  H.    Borough      Bar*eTOr,      Eaatem 
Inat-CG.  Dutriot.   WaadBwarth.     215 

Hif:h  Boad,  Balbam,  S.W. 
ml^  M^'  tgl  HAKiii,C..AMoa.H.Inrt.C.E.    Thfi  Elmi,  Beeiton,  near  Not- 

1899  Haj  B      Hasoh,  C.  G.,  Amoc.  M.  IneL    Borough  SnrreTot,  Qaildford. 
Q.T. 

19M  Oi't.  22     HamicC.      ..      Water  Engineer,  Falkiik,  N.B. 

1S90  Uar.  29    Uamu,  P.,  A.H.  but.  C.E.       Burreyor  to  the  Rural  Dietrlot 
CoDDcil,  Wakefield. 

1904  Aug,  17     BfAMU,  J Burgh    Engineer.    Edinburgh, 

N.B. 
18SS  Feb.  17    Hathbwb,  O.  B.,  Amoo.  U.    8niyeyor  to  the  UrUn  DMrM 
[niL  aE.  Gotmoil.  DoridnK. 

1898  Dae.  17  'HAVrMMWe,  B.  B. Soneroi  to  the  Urban  Dictriat 

Council,  Bridlington. 
1904  Uaj  2S    HADMur,  C.  W. BurTeyor  to  the  Bond  Dinriot 

ConDdU  Oakham.  Rntlnnd. 
1881  Dec  10    HAWBEY,  E.  G.,  H.  Inrt.    Borough  Engineer,  Leicester. 
C.K    (Put  Prwnibni.) 

1892  Uar.  II    Uawboh,  B.  C Borangh  Surrejor,  BTeaham. 

al896  JqI?  aSI'HAXWBix,  W.  H.,  Aaioo.  U.    Borough  Snrrejor,   Tunbridge 
Tl90SBept6|      iTwt.  OE.  WeUa. 

S1!S2'K?^;«1*«".C.'J Snperintendeul  of  Work,  a 


T1904  June  26/ 


Barre;!.  P.W.U.,  Sinitapare. 
"     "'  "ailmnga. 


1875  Hav   1       HAY,  B'.  J.  C,  H.  InitC.E.     8-11        PaviUon       BuiWnga. 

(firjt  Prtiidmt.)  Brighton. 

1894  Oet  20    Hatbubt,  H.  P. Oaunty  Surrejor,  Uiiidibnii!. 

1901  Aug.24    Hati.aic.8 Snrveyorto  the  Sural  Diitrlct 

Council,  Baafoid. 
18B9  May   IS     HatncC  H.  Inat  C.E.    ..     Bngtneor  and  Bnrreyor  lo  the 
Mnnioipal  Council.  Shanghai 
Non,    CorrtipoHdiiig    Stc    tor 
EuBtcm  Ada 
1888  Feb.  17    HBADE,  T.  DB  COUBCY,    City  Suireyor,  HnnobB>ter. 
H.  IntL  CO.    iPatt  prni- 
damt.) 
1888  July  12  'UBTOALr,  J.  W.,  Aaaoo.  H.    Town  Burreyor,  Newmarket. 
Inrt.  C.E. 

1903  June  25  'Mkivalfe,  A.  J. Surrejar  to  the  BnrsI  Diitriot 

Couneil,  Bourne. 
IS90  JniM  7      HlDDLlTON,  R.  H.,  Anoe.  H,     Borough  Surveyor.  Waianll. 

[nit.  O.E. 
1893  June  24    Hilub,  H.,  H.  InaL  C.E.   ..     County  Burreyor,  Enrt  Buffolk. 

1902  July  10    HiLLBR,  H Snrreyor  to  the  Urben  Diitrict 

Coancil,  Heyebani. 
1897  Jan.   16  *BIilhks,  O.  P^AwocH.Inil.     Burreyor  to  the  Urban  Di*triot 

C.E.  Conooil.  Btrond. 

1874  Hay  2a    Hrrci»U.,J Borough Snrreyir,  Hyde. Hia- 
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189«i  Oct   21     HoKUDR,  J.,  AM.  Inst.  C.E.      Count;     Hlgliwfty     Surrejor, 
Count;  Building!,  StaSbrd. 

1900  D«c.   15    lIaimATB,0 County     BnTveyor,     Newlown, 

8t.  Bcwwell'a,  N.B. 
1896  Apr.  28    Mobqam,  B.  F.      ..      ..      ..     Borough        Bowl        SurTfljror. 

Ciojdon, 
189j  Jul;  27    Uoboak,  G.  S Surrejor  to  tha  Roiml  DUtriet 

Connoil,    Llftntiiuuit,    GU- 

morfcui. 
1892  Joly  II    HoBaui,  J 8niTe7orto  (be  Bund  DUtriot 

Council,  P(aitatd&*te.    Swan- 

1901  JunaS      Hoboah,  B.  F Surrerar  to  the  Crban  Distriot 

Council,  Towyn. 
IST4  Hkj  1       HoBGAH,   W.   B.,   Amoo.  H.    BotoukIi  StUTeyor,  Weymontb 
Inft.  G.E.  and  Meloombe  BegU.  Donet- 

1905  Oct.  28    HoBUT,  E. Bnrreror  to  the  Urban  Dutriat 

Coniioil,  Walthanwtow. 

1895  JoneSO    Horbib,  F.  J Boroagii  SorreTor,  Grantham. 

1903  Feb.  21     Mouutnia,  T.,  A.MlnaLC.E.     Cit;  Surveyor,  Exeter. 

TI9W  Jane  ?''}**«"',  J.  C,  AX.  Inat  C.E.  Borongh  Burrejor.  Lauouter. 

18S5  Feb.  7  I  Motrnr*™,  A.  H.,  A»oc,  M.  11  Prlnoa's  Chambera,  18  John 
■190a  Jan.  28f      Inat.  C.E.  Dalton  gtreet,  Hancheater. 

1898  8ept.S      1[dltaxt,0.  J.,H. InatO.E.  Count; Snrveyor,  Athlone. 

1890  Hsr.  29    HiTBOB,  P.      Boronsh  Engineer,  Portamouth. 

1896  Nov.  28    HoBPflT,  P. EL,  K.Imt  O.E.  Eojrineer  to  the  Tottfnhamand 

WiKid  Green  Joint  Drainage 
Committee.  Council  Bnild- 
iaga,  Tottenham,  N. 

1901  Aug.  6      Hnitaii,  J Connty  Surreviir,  Benftewahiie. 

Paiotey,  K.B, 

19H  An^.  17    McBUT,  J ..     Burgh  Sorreyor,  Port  Glaagnw, 

IS95  Keb.  I6\  UtrazBAJt,    KhjU(    Bahadub    "Onlestau,"    Muizban     Boad, 
K1901  Jan.  23/      M.  C,  CXB.,  H.  Iiut  C.B.         Bombay. 


1896  Ooi  21    NAinuvau,  H.  H. 

l\^  ^'^,  ill'SABHiF.  O.C„AB»oo.M.In«t.    Snrreyor  to  tho  Urban  Diitriot 
TIW5  May  £Ji     Q_^  Counoil.  Coofcemioutli. 

1905  Oct.   28    NCLBOH,  O.,  AJLlBfL  C.K        BoTTeyot  to  the  Urban  Diatrict 

Coaooil.  Ucaforth. 
1893  Joly  31  'Nbttlztok,  H.,   Amoo.    U.    SoTTeyor  to  the  Urban  Diatrict 
Inat  C.E.  Oounoil,  Weiton-niper-Uare. 

1S97  July  8      Nbwiuk,  8.J.       tjurreyor  to  the  Urban  Diatrict 

Council,  Branknome. 

,',^  Ji^'   }^}  NiwTOS,  C.  B 10  Cooper  Street,  Mandieater. 

S1S95  Jan!  191 

U1901  Oct.   I9)*NiWTOH,E.B.,A.M.Inat.0.El    Borough  BorreTOr,  Faddington, 
(1902  Mar.  22 1  W. 

1891  (M.   17    KiwTOB.Q.  H Burrejor  to  the  Urban  Dialriot 

Council,  Deo  tea,  Hano  heater. 
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1888  Hay  12     I^kw-ton,  W.J.,A.H.IiulCJL  BotoukIi  8urTe;or,  AwringtoD. 

Tlftlfl  F^.'  m}'^'™°^  ^-  ^"  A.M.  iMtCEL  Bonragh  Engioetir.  Folkertone. 

ItKM  Aug.  3      NixBEi,  T.,  Ahoc  H .ImtC.E.  Ua«terof  WorkiiCitfChMaberE, 
Olaagow,  N.B. 

1887  Jnlj  141   NoRBDiaTOEi,  J.  P.,  Amoc.M.  17  TiotoTU  Street,  WertoiiDster. 

B1899  Feb.  23/      loet.  C.E.  8.W. 

*|^^J''}*NoiiRU,J.H.         Bowugh  Survojor,  QocUlmiDg. 

.is;  ^,i;i  "■>"»■«•«• x^^s:^"'^'^- 

1900  Dec.  15     Ncttali,  H.,  Amoo.  M.  Init    Snrrajor  to  the  Urbaa  Dutriot 

C.B.  CoQndl,  Kearile;. 

1899  F<-b.  'a    NimALL,W Snrveyoi  to  the  Urban  Dixtriat 

Uoaticil,  Preitwicli. 

S}^  ?S?"S?l*0*Ki'ra.B.,A.M.Init.C.B...     Snrieyorto  the  Ilnml  Distriot 
TIMW  Uot   Jl)  Omnoil,  NewBrk. 

1901  Aug.  24    0'Hau,U. SmreyoT  to  the  Urbiiii  DiBtriot 

Council.  BoUymena,  Ireland, 

1892  JuD.   16    OsTOBT,  W..  U.  Inat-U.E.  ..     Borough  Engineer.  Camberwell, 

B.S. 

189«  Apr.  -Hi    Pauiib,  V.  V.  3 Burreyor  to  the  Urbun  Diateiet 

Conneil.  Eenie  Bay. 
P1900  Mar.  10    Palmee,  P.  H^  H.Inst  C.B.    Borough  Surveyor,  Haatiuga. 
1909  Jan.  28    FAHiuia,  J.,A.H.Iiiit.  C.E.L    Town  Burreyor,  Wioklow. 

1894  Apr.  S      Paboo^  J.C,  A«ai>o.H.  luaL     Surveyor  to  the  Urban  Dutriet 

C.E  Connoil,  Bar?T,  near  Cardiff. 

187G  May   1       Pabkiii,   J.,    Amoo.  M.  Inat.     City  Surveyor,  (terKfopl. 
C.B. 

Jt^MK  ^"'^  It)  Pabbbe,  J..  AM.  InaL  C.R      49     DenniMk     VIUhb,     Uote, 
Bl895Jun«27/  "-  BrigbtOD. 

JStS  J?=r^}  P*«»^J-*l-.'*-MI»«*-C.*.    P.O.    Chamber.^   St.    Niol.<d* 
B190.1  Feb.  il)  g^^j^^  NewoeBtle-on-Tyiie. 

1N»6  Oot.   24    PiBBBB.S.'W SnrreyortD  tlie  Urban  Diatrlot 

Counoil,  OairiBborouKli. 

1893  July  13    Pabb,  F.,  Amoo.  H.  Inat  0.£.    Borough  Borveyor,  Uridgwaler. 

?18U9Ckr2l)*P""'*'H Borough  Surveyor.  Lymington. 

tl^  /S.^'   Inl'P*"'.  N.        Surveyor  to  Ihe  Urban  Diatriat 

T1894  OCL   iOi       "•  O^^^j,^  Brentford. 

1905  Judo  22  *Pabbt,E Surveyor  to  the  Rnral  Diatriot 

Council  .Long  Orendon.Bueka. 

P1S94  June  21     PaiW(,J.  iMimlm-o/Coimoa.)  Boiongli  En^neer,  Plymouth. 

1905  Jnne22    Pattdik»,  N.  P. Borongb  Burveyor.  Gateshead. 

1895  Jan.  19    Pattikh,  W.  P. Surveyor  to  the  Urban  Dlitriot 

Counoil,        Beuwell         and 
Fenham. 

1897  Jan.  16    PBA00aE,T.J Boneyor  to  the  Bural  Diatiiut 

Oounoil,  Spalding. 

1 898  Dec.  17    Pbabob,F.  W Surveyor  to  the  Urban  Distriot 

Council,  Twickenham. 
1889  Oct  21    Pan,  H.  F„  M.IivttCX        Olty    Knrineer,    Bbemrbntein, 

Sonth  ArrioH. 
1891  Deo.  12    Pbibo,  R.,  H.  Inat  G.K      ..     Hnntclpal  Engineer.  Bin  gapora, 

S.8. 
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udTiutfcr. 

1S9«  Ka*.  ^    PERU]n,B. Barvefor  to  tbe  Tlrbaa  DUtriot 

OoDiici],  B«dditcb. 
]89i  Sopt  r^     PsutT,  J^H.B^H.lDrt.O.E.      OonntT  Sarrejor,  Col   GbIwbj- 

(Wait  Kiding).  OhIvht. 
IMS  May  21     Fetch,  W.  J 8iir*er>r  to  the  Uilxui  DiatrM 

OouD[riI,lieigh-on-8e».E*9es. 
IS89  Hay  18    Fbilufs,  B-,  Amoo.V..  laal.    Oonaty  Sntrejor,  Utouositei. 

C.E. 
IWM  Kay  28    FuFPS,  F.  R.,  A«K>o.H.lDit.     Botongb  Surveyor,  B<wiDK«t<te. 

Q.E. 
1901  Aug.  2f     Pick,  8.  P Ooiuity    Snrreyor,      LnoMler. 

6  Uillitona  i*n«,  Leiomter. 
1901  Ost.   19    Pi(iiABD,J.  K      BoTongh  Sarreyoi.  Poatetaot, 

YoAi. 

1896  Apr.  23     Piokxi,  E.      ..      ..      ..      ..     Suveyor  to  the  Bnrol  Diitriet 

Oonnoil.  Bevorlay. 
S1887  Jone  ISl'PiOEiBUKi,  J.   S.,    BL    [nat.     Borough  Baf^naef.ChelleDham. 
IR1S90  Sept.  13/       O.E.     (,Meabtr  at  Clwwiif.)  Htn.  Stcntaru.  WMlern  DU- 

triet. 
,J^  ^  J^j  PloKMlMU.  B lILowther8trB8l,WytehaTen. 

aiaM  Jan.    13\*PioKaBiia,  8.  A.,  A.M.  Inat    Boioiuh  SnrTSTor,  tt(i  Waterloo 
91895  Oot.    I9J     C.B.  Stnet.  Oldham. 

iimoS  i9}'Plo«i-",G.H..A.M.riiitaB.  Borough  SarvByor,  Burnlej. 

P1881  Dec,   10    Putt,  S.  B.,  H.  lost.  G.E.  Boiough  Surveyor,  Bochdale. 
(JffmJwr  of  CoimaU.) 

1898  Oct.   21     Plowmoet,  A.  H Bmougk     Engineer,     Wiibeoh, 

Ounba. 
.!St  JJV-  J^l  PouuaD,  J,M.  Inst.  aE.  ..     81    Old    QneBn    Street,   Weat- 
■1885  Oot  S  J  miniter,  S.W. 

1897  July  8      Foou,H.C SurTejor  to  the  Urban  Diatrbt 

Coaooil,  Wath-npon-DEam. 
1881  July  7     PoBTKB,B Borovgh  Btuvayor,  Wakefield. 

.1™  '&°"  ?!t  PowMJ,  J 4-6  Ttowria  Ohambera,    Ter- 

BiMH  May  11}  i^jjjjjj  gjj^^   j^j   London. 

OapB  ColoDj. 

1899  Dei.   21  'FaxMOn,  A.  B.     Borough  Snrreyor,  Baatbniime. 

IBS8  Mar.  19    Pknaxm,  W.  H.,  A.M.  Inat     Borreyor  to  Ihe  Urban  OiMriot 

C.E.  Council,  Tottentiun.  N. 

1892  Jan.  IS    PniH,W.  J Snneyor,  Bumbam,  Bmnenet 

i'SS  1*^  ^l'P»"l«.  A- J SnrTByor  to  the  Urban  Olrtrtet 

T1899  June  29)  Council.  Lythfttn. 

187!*  Hay  I       Psioi,    J.,     H.  InatC.B.  Oity  Bunreyor,  Birmingham. 
(iKK-Piwwbnl.) 

l904Sept2a    PBrnT,J.      Bnrgh  Engineer,  Belkiik.N.B. 

ins  May  2      Pbootob,  J.,  H.  Inat  O.E.  ..  Mere    Lawn,    Bolton,    Lanoa- 

I89S  May  28    Fsoora,  O.  U.,  Amoo.  H.  Init    Snrreyor  to  the  Urban  Diatrlot 
O-E.  Oonnoil,  Il^-aooDlbe. 

MM  Aug.  4      Finaiui,W.  H Burgh     Engineer,     Hamilton, 

N.B. 

inS  May  2      PcMXLL,  B.  J Water     Engineer,      OoventrT, 

WMwirkahire. 
1889  May  6      Fnran,  W.  B.,  A.U.   Init    Connty      Bnrreyor,      Eenteren 
O.E.  Connty  Conmnl.    Otautham, 
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Cit;  SnneyoT,  Cliiehei>t«i. 


1886  Dee.   18)  JUdfobd,    J.  C,  A.M.Imt     I6S    Upper    Bichmond    Boad, 
B19U1  Oct.   19/      C^.  Patuey,  S.W. 

1889  July  4      Baplby.W SarTeyor  to  the  Etml  Dittriot 

Counoil,  Docking. 

1898  Apr.  2S    B*TitK&,F.  J Snrveyor  to  the  Urbui  Dittrict 

Goauall,  NeirhsTeD. 
1876  Hay  1      Bui>,B.,  A.H.IiuL  CE.   ..     City  Smrejor.  Glonoetter. 
(JUflntw  of  Comcil.) 
01897  June  191 

TAldOl  Dec  7  J'BsDRUt,  J.  L Borough  SDCTejoi,  GilU&gbain, 

Tl9MSept.l7)  Kent 

1896  Dec  17    BnD,B.H Highway      Surveyor     to     tiw 

Stirlingahiio  CoDUtj  Conndl, 
Bamtdale  Honae.  Whimi  of 
HiltoQ. 

1697  Feb.  18    Bntwios,  B. ..     Borreyor  to  the  Urban  Diitriet 

CoODuil,  Honham. 
1892  Mar.  11     Bxtoolm,  £.  J.,  Auoc  M.    Sorreyor  to  the  Urban  Diitiiot 

Inst.  C.E.  Council,  Friem  BBmeL 

1888  July  121  Biobabds,   B.   W.,   M.  Inst.    Mntnal  Lifte  o(  N.Y.  Boilding, 
B1903  Feb.  22/      O.E.  Martfii  Place,  Bydnej. 

1688  Msy  12  Bichabdsoh,  H.,  Aamc  M.  Burveyor  to  the  Urbao  Diitriot 
last.  C.E.  (Meiuber  of  Cuunoil,  Hainiaworth,  Bino- 
Couneil)  iOKhaia.       Hon.     SeaOarf, 

Midland  Diitriot. 

1684  OoL   9      BiCHABiiaoN.J County      Surreyor,      Ruliand. 

Btamford, 

1901  Hay  11  *Bii>ub,  W Borough  Snrveyor,  Tewkesbury. 

1892  Mar.  11    Bn>oiiT,  A.  B.        Surveyor  to  the  Urban  DisUiot 

Council,  Stone. 

1896  Nov.  28    B(SEicn,D Borough  Surveyor, Lewee. 

Tl^  ^"  {gl'EoMBTB,  F.,  A.  M.  InitCE.    Borough  Engineer,  Worthing. 

1691  OoL    17    BoBiHBOK,  W.  P.,  AJU.  Init.    Surrevor  to  the  Urban  Distrlot 

C.E.  Coancil,6)ie1ton-in-CIeTeland. 

1866  May  1      RoBuraoN'.  W.  J. Oity  Surveyor,  Londonderry. 

1676  May  1  BOBSON,O.C.,M.InitC.E.  Barveyor  lo  the  Urban  DlBtriot 
(Putt  Pretidmit.  IttaAtr  Counci1,Wi11eBden,MiddIet«E 
0/  Council.) 

1896  Mnr.  21    Bodwkll,  A Barveyor  lo  the  Bnral  Diitriot 

Council,  Bkiptim. 

1896  Jan.  16    BooiBS,  V.  B.       Barveyor  to  Ihe  Urban  District 

Council,  Bugelj. 

1904  Oct.   22     RoKALD,  D Burgh  Engineer.  Falkirk,  N.B. 

1895  Jan.  19    Bom,  J.C.,  A Jd. Inat C.E.  ..     Town  Engioeer,  Warmambotd, 
Victoria,  AuitnJia. 

?1mJS,',.3°}->'"™"-' S^^^tatUTl^KtM 

'  Couooil,      Thonhill,      jkai 

Dewsbniy. 
1880  Cot.  2  \  BocNTHWATnt,B.S.,U.IiuL    3Wi11iiBtreet,'WBllington.KBw 
X1903  Hfty  87/       C.E.  Zealand. 
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DU(  Bf  Elntloii 
■adTrunfer. 

IB8S  Hbj  12    BcaK,F.  W County   Arohitoot,    66    Weak 

Street,  IfaidBtooe. 
ISS.t  Feb.  16    BnSHBBOOKi,  T.  J DoroiiKh   Survejor,  High  Wj- 

IS96  Apr.  25  ■Bcshtim,  E.  SmTejor  to  the  TTrt»n  Diitrlet 

Council,  Cleethorpes. 


1890  Hu.  2e\'auM.  A.  J.,  Amoo.  H.  IiuL      Eof  le     InBonnoe     Baildings, 
II9M  Mar.  26f      CX.  Baldwin  Street,  BriitoL 

1899  Feb.  29    Salkikld,  T. ..      ..      ..      ..     Chief  Bngineei' to  HuniciuUtr 

of  Delhi,  iDdin. 
»]^  Jhj  2]}'S*BK'"B».  J-  A-M.  iMt  C JJ.    Imperial  OhiMnbew,  Newark. 
1894  H^.  3      Batillb,  J.     Town     Sanej&r,    Heokmond- 

wike. 
1899  Ha;  6      BoBonsLH,  W,  H.,  A Jf.  Inat.    Coontj  Snrrejor,   L«ncaahlre. 

C.E.  Connty  Hall.  Prerton. 

189*  Jnne2I     SooBOiB, N.,  H.  Init.  G.E.  ..     Boroagh    gnrreyor,    Hwkner, 

N.E. 
1892  Sept  24    Boorr,  A.  P Snrrejor  to  the  Urban  Diatriot 

CnuQOil,  Cramer. 
188S  Nov   17    Bccnr,  H.  H.,  A.HJiutO.£.    Bmtineer  to  the  CommiBBlcinen, 

Hore. 
1901  Aug.  21    BooTT,  J.  H. Snrreyot  la  the  Urban  Distriot 

Coanoil,    Vioton,     Boimo- 

1880  Hay  27    Soott,  B.  B.,  Amao.  H.  Itui.    Bnireyor  to  the  Urban  Dktriet 
C.E.  Connoil,  Bishop*!  BtcR^ford. 

1897  Feb.  IS    Booir.T Aberford,  near  Leeds. 

I90t  Ang.  4      BooTT,  T.  H Bvrgh     Sarreyor,     iDTemeas, 

N.B. 

1897  Jnly  8      8ntI0K,aE 8nr*eycirto  tlie  Urban  Dlrtriet 

Uoundl,  NeatoQ,  Ctaealiire. 

1896  Oct.   24    BmnoB,  J.8 Biureyor  to  the  Urbao  Dirtriot 

Conneil,  Bwanage. 
t',™  "l^^  f„|»8rrTi*J.A^AJl.Inrt.0.B.      BownghEnginoerandSnrYeyor, 
T1898  Jlar.  19/  Heywood,  H«noheaUr. 

■lOM  vll  ifti  Bhabmait.E. OroyUnd      Abbey,      Welling- 

""^  "»y  "f  bSroBgh.  Northinptonihire: 

1896  Not.  28    Shupb,J.  B.         Surreyor  to  the  Urban  Diatriot 

Connoil,  Otley,  Torka. 

1891  Jnme      Sbav,  H.,  A«oa.lLInit.C.E.     Bnrreyor  to  the  Urban  DLitnot 
lean   T».=  T  1  Connoil,  llford. 

«^  i^  «)»■"'•  J- H- Sl^ne  Cottage,  BrownhiUe, 


1892  Hay  28    8Mumi>.  W.  a,  AmooJI.  Inat.    "  Btonelea,"     Newtown,     New 

C.E.  Hilla,  near  Stockport. 

1905  JnBe22    Shell,  W.  B. Snrvayor  to  the  Urban  Dialrict 

Council,  Conaett,  Dorhan). 
1691  Oot   17    8BIPBm>,  a.  J Sarreyor  to  the  BnnI  Distriot 

CoDDoil,  Kiddenniiiater. 

18S4jDDelD    Shipp&xi>,  O.         Boroagh  Snrreyor,  Newark. 

1892  July  11    SHiLLiaeTov.  H.,  U.B.       ..    Town  Snrreyor,    Lnigan,   Ire- 
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1895  Oct    19    Bbiptok,  T.  H SarTeyor  to  tlie  UrUn  Diatriot 

Coandl,  Oldbnij. 

1902  JnaeT      Sidduu,  J Borongb  ^nrreyor.  TiveTtoD. 

1S87  Dot   22    SiDDon,  J.  M.       Bnrveyor  to  tha   Biver    Nea« 

CommiMloners,  Oandle. 

1896  Jul  18    BiinraLL,H.T.     Snrvefor  to  tbo  Bonl  Diabriot 

Ooancil,  Boohford,  bsex. 
BlMS  ChA  {5}'8n*«»<».  E.  J.,  M.  but.  CE.      10  Park  Bow,  Lsedt. 

1697  Mht.  18    BiLOOOK,  H Surrejor  to  the  Bniml  DUtnot 

CoDuoil,  BlaokwelL  07  Weat- 
gtte,  HkDiBeld. 

1903  jQiie2S    811100Z.O BOTonsh  Burreyor.  DoaataUa, 

1903  Out   1?    SnotOHiM,  T.  B     Snrreyor  to  t)ie  UrbkD  DMriot 

Cbimail,  New  IbJden. 

1901  Hay  28  •SnoiOHa.  B Bnrrejor  to  Om  Urban  Dbrtriot 

Connoil.  UtUe  Woolton,  new 
LiTerpool. 

1901  Feb.   IB    Simmon,  H.  F.      Ooomy  Smreyor,  NrarUiwn  Dl- 

Tlrion,  lalB  of  Uly.    Wiabeoh. 

1891  Aug.  I   \  SnreaoH.  W.   H.,  A.  H.but     Uonefair  Street,  Leiooatoi. 
B1895  June  27}         C.E. 

1890  Sept.  13    8iiicLAm,J.B.,A.M.IuBt.0.B.    Bonnig^h  Baireyor,  WIdnM. 
1S99  OoL   Itl    Skel-km,  R,  A.1L  loiL  OJL    Himioipal  Engineer,  ColomtH). 

Oeylou. 
1899  Oot.  21     Blooohbi^  D.  W Snrreyoi  to  the  Urtwo  Dirtriot 

Conudl,  BrynmawT. 

1898  Oct.    19    Bkail,  J.  IiLiMl  Inatas...     ChUr  EDgioeer  to  the  Hetro- 

poUtu  BoMd  of  Worln, 
Sydney,  N.B.W. 

lS98jDae30    BiULU,  J.  £. Snrreyor  to  the  Urban  Dutriot 

Oonneil,  Leatheihead, 

1893JnQe27    8inLuc,J.F Bcmiirii  SnrreyM,  Tynemonth. 

1899  Dec.  )16    Bxrm,  Abtsdb     Borough  Soireyor,  Dartmonth. 

1892  Uar.  II    Smith,  0.  CiujncK    ..     ..     SarTejOT  to  the  Vtbtui  Diatriot 

OouDclI,  Battoii,  Suirey. 

1903  Sept.  e      Bhttb,  F.  H BoTTeyor  to  the  Urban  DMriet 

aiOfU  M«  ftHi  Conncil,  Porttabend. 

SliSi;  5S  T?r8»irrB.  F- H*LL Snireyor  to  the  Urban  Diatriot 

T1904  Sept.  17)  Connoil.  Swaffham. 

1899  Mar.  25    Bumi,  H.  W.,AJf.In«LC£  Bonnigh EDgiDeer.Baarhoiongfa. 

1892  Uar.  II    Bkth,    J.,   B.E.,   H.    Inat.  Ounnty   BurTeyor,   Oo.   Ualway 

O.E.  (E.  Biding),  Bftllinaeloe. 

1897  May  15    SuTB.JAiUi BonniubSnTTeyor.Backingfaam. 

1895  Hay  29    Skitb.J.  B BnTveyor  to  the  Urban  Dlitriot 

Gounell,  Tjldealey 
1899  Oct  21    BlOTH,  J.  D. Uoonty  Surreyor'a  Offloe,  Dal- 
beattie. Kirfeoadbrightahiie. 
1901  Deo.  7      BxiTH,  J.  Ooou>,  A.M.  lut    Borough  Snrveyor,  Beverley. 
C.B. 

1905  .Ian.  28  *BifiTH,  J.  H.  W. Bnrreyor  to  the  Urban  Diatriot 

SieaS  Deo.  17)  Oiiancil,  Hinehead. 

TA1901  Oct.   ]9}*S>iTH,  J.  W Borough  SnTreyor,  Bamw-lu- 

X190S  Oot.    17)  Fnrness. 

1901  Aug.  6      Bmith,  p.  0 Bnrgh  Knrteyor,  Arbroath.  N.B. 

1691  Deo.  12    Shith,  T.  B.,  A.H.  Inat  O.E.     Surveyor  to  the  Urban  Diatriot 

Coutiail,  Kettering. 
1897  Jan.  16    SURB,  T Boiongh  Sarreyor,Oheat«rfield. 
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SlSBS  Jan.   14\*BinTH-BATiu.E,B.  W.,  Awoo.    Borongh  SnTvejor,  Darwea. 
X1897  Mar.  I3|      H.  InaL  O  E. 

ISST  Sept.  13    B>TTHa,F SarTBjar,  Flnohley,  X. 

1S98  Jan.   15    Snbll. J.F.C.,H,Iii*t.C.G.        Baroiwh    Bleotiioal   EntfiDMr, 
Snnderlkiid. 

1903  Oot   17    SowDU,  U. SnrTeyoT  to  tha  Urban  D[striot 

Ctmnoil,  Whitcbunih,  Salup. 

189g  Deo.  IT    8pB<(nB,J Snrvefor  to  the  Urban  District 

Council,    Oakworth.       York 
Chambsnt,      Cooka      Street, 
Keigbley. 
.!S?  rf!?  ?«1  SresCTW,  J.  P.,  A.M.hurt.O.E.    18  Qnunger  Street  West.  New- 
U)»l  Uec  lOJ  eautfe-OD-Tjne. 

1902  Mbt  10    Spdobb,  L.  G.  P.,  A.1L  loft     Bnneyor,  New  Pljmonth,  New 
C.E.  Zealand. 

-IS^^f  ??l  8rnnta,W.,M:.Iii»tO.E.     ..     39  PrndentialAMoraaoeBnild- 
el899  Dec  161 
TAI90I  Oct  19}*SPuau>KT,    J.    A.,     Amoo.    Boroogh  SurTefor,  Lndlow. 
T1904  Jnlj  H(       M-Inat-O-E. 

1880  Feb.  7  I  arAnn'HOBFB.T.'W^A.K.IiiiL    P.W.D.,   Cape    Town,    Booth 
■1899  June  lO/      O.E  Afrjoa. 

IS8S  Deo.  11    Btallui>,S.,  A.H.  InatO.B.    County  Sarveyur,  Ozfordshire. 

Oxford. 
1892  Har.  11     BrcpHmOH,  E.  P..AMoa.H.    Town  BurTeyor,  LlaoduiInD. 
lDd.O.B. 

1890  Mar.  29    BtniKS,  L. Snirejoi  to  tlie  Urban  Dittrict 

CoouoU,     Newton     Abbott, 

1892  Mar.  11     Stetsiimr,  A.       Diitriot      Surrejor,      Ajnahira 

Crmnty  Council. 

1891  Oct.   17    BTBvBNMir,  J.        Borreyor  to  the  Urban  Diatriot 

Ounndl.  East  Holeaej'. 
1901  Feb.  16    Stkwibt.J Sturejorta  tlie  Urban  Dutiict 

Coimoil.  Leighton  Buzziird. 
1891  June  25    Shoklahd,  E.  A.,  Amoo.  H.    Boiongh  Sarve;or,  Windsor. 
Inrt.  C.E. 

1897  Jan.   16    Stimob,  H.  E.,  M.  Init.  O.E.      Borough     Engineer   and    Sur- 

Tcyor,  DoTer. 

1900  Deo.  15    STimi.K.E Borough  Surveyor,  WhitehaTeu. 

lSS7Bept.l7    Btokob,J BnrTeyor  to  the  Urban  District 

Council,  Altriucham. 

190(  Jan.  23  ■Brona,  J.       Surveyor  to  the  Rural  Diatriet 

Council,  Sedgfleld.oD.Dnrbnui. 

1898  Har.  19    Brow,  J.  F Bum^or  to  the  Rnial  District 

Oomiail,  Uxbridge. 

19(3  Mar.  11    BrmTHU,  W.  T Bnrveyor  to  the  Ucban  District 

Gotudl,  Waltham  Croa. 
•1893  June  24l*STBorarBiLOW,    W.,     Aaaoc    Surveyor  to  the  Urban  Digtriot 
*1893  July  IS/      M.  loit.  C.E.  Gouncil.AabboDriie.Derbyaliire. 

1S80  May  27    BniBBa,  W.,  A.M.  Inet  O.&.      Borough  Engineer,  Blaokbom. 
Tl^  aw.t.U}'*™™*'  ^■'  **■  ^"*-  ^■^-    ■■     °'?  Enffineer,  GoUdhali,  Lon- 

1895  Har.  16  *8innn8,  B.  T. Water  Engineer  to  the  Urban 

DiatricI  Oonneil,  Newton-is* 
Makerileld.     Newton-le-Wil- 

Iowa,  Lanca. 

d 
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1904  Aug.  10    SuTBBBLAHD,  J,  R.,  &.H.IiurL  ObJef  Edgineer.  Wmter  Depart- 

C,E.  ment,  Qtj  Chambers,  Olas- 

•1890  Judo  29i,a_„„  „  „  jj^''^^'             «  .j 

TlltOl  June  27)  ^^^^                  Borongh  Sntveyor,  Maldon. 

Rl^  i^^ia}  8"*™MOK,J..ll.Iii«tO.E.     30  StAnoi  Street,  Manohwter. 

1899  Jnne  10    Btxxs,  M.  H. Bomogli  Snrreyor,  Stockton-«i- 

Tees. 

1SS7  Har.  12    TunrsR,  W. Coonty    Sturveyor,   Honmouth- 

■hire.   Newport. 

189S  Uar.  16    Tasbit,  T.  U Snireyor  to  the  Orban  DUbict 

Couijoil,  Lofttu,  YorkaliiM. 

1S9I  Hu.  211  TiTLOB,  U.  W„  Amoc  U.  8i  Nicholas  Chuutwra,  Adwu 
BieOS  Mar.  HIJ      Inrt.  QE.  Onmer,  Newaut]<^D-TyD«. 

1890  Sept.  IB    TiTLOB,  T.  G Bonmgh  BoTTOjor,  Hamagate. 

TlWT^ll}*'^*'"*"'''-''-"-'"^*^    Conntj  Surveyor,  Ha»tB.    Win- 

1892  Apr.  23    Tbbbill,  W Surveyor  to  tlie  Drbon  Diatrict 

Coasoil,  Aahfotd.  Keot 

1901  Fob.  16  *TBOifAB,  B.A Moelwyn  View,  South  Buuih, 

PwUlieli. 
1892  Mar.  11  •Tbohas,     B,    J,,    M.    Inrt.    Oonntj  Snrreyor,  Bncki.  Ayle*- 
O.B.    (Umixrr  of  CoamM.)         bary.    Hon.   SKretars,  Hoin« 
DiBlricl. 

1890  May  8      Thohab,  T.  J^  A.IC.IiutaE.    Surveyor  to  the  Urbui  Distriot 

Comioj],  Ebbw  Tale. 

1902  May  JO    Thonu,  W.  B Snrreyor  to  Uie  Urban  Dirtrlot 

_  Connoil,  South  siok-ou- Wear, 

1887  Sept  17    Thokab.  W.  E.  O,  A.M.  Inrt.  Smreyor  to  the  Enml  Dialriot 
O-E.    iManhtrof  (kmoL)  Council,  Neath:  Him.   Bbxi- 

„,    ,         „       „  ,  tary.  Sonth  WalM  Diatriot 

1891  Jan.   21    Thob«,J Surreyor  to  tho  Rii»l  Dirtrict 

Connoil,  Haooleaflotd. 
1898  Jan.  15    Thbofp,  J.,  H.lDrt.  QB.     ..     County  finrreyiw,  Linculnahire. 

29  Broadnto,  Lincoln. 
1898  Apr.  23    Thwaitm,  W,  M.  lart.  ttE.      Chief  En^eer  to  the  Motro- 

elltaTi    Board     of     Worka, 
inns  r       Vi\  Blbonmo,  Aortralis. 

T1903  IkST  12/*'^'''™'  "^^  ^>  A-M-lMtOJE.    Smreyor  to  the  Urban  DtBtriot 

'  Connoil,  Dartford,  Kent 

«1W8  Ctet"  21  }'To>K8.  G.  B.,  A.M.  ImI.  QB.  Sorreyor  to  the  Urban  Diatrict 
.«<  u       ■«    -n  n  Oounoll,  Bamea,  Mortlake. 

1895  Mm.  16    Toounr,  H. Surveyor  to  tl,e  Urban  Diatrict 

Coanoi],     Buckhnrat     Hill, 

1890  May  3      Towmon.  &,  A-H.  bial.  GE.    Sorveyor  to  the  Urh«i  Diatriot 
Oooni-i],  Sevenoaka. 

18MOot20    TBATMa,W.  H. Bnrveyor  to  the  Urban  Diatriot 

,.„„,_  Conocil,  WolliieT. 

1897  Jan.   16    TUHmra,  W.  H Bomngh  Snrreyor.  Falmouth. 

1901  Feb.   16    TBOWBMLit,  T.  J. Surveyor  to  the  Urban  Diatriot 

Coustii.AnnfleldPiain.  Hare 
Law,  Annfleld  Plain,  Go. 
Dnrham. 

1898  Dot.  21     Tbbl«t,  A.  0-,  A»oo.M.lMt     City  Engineep,  Oanterboiy. 
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oadTtnirier. 
1890  Oot.   18    TcBNBDix,  A.  J Burgh      SnTreyor,     Greenock, 

n!b. 

1897  Hu.  18    TtiunB,  H.  H Barreyor  to  the  Batal  Ditttict 

Coanoil,  LimeharHt.  Lmnci. 
2S0  Oldham  Road,  Waterloo, 
near  Aiihlon-uiuii-r-Lyne. 

1899  Jnne  10  •TCBinB,  8.     Surveyor  to  llie  Bnisl  DUInel 

Connfil,Aihby-de-la-Zoiich8. 

ISSSJoneSO    Tusuff,  A.A ..     Bnrgb  SiuTe;or,  Elgin,  N.B. 

ISOS  Vkj  27  *U»H,  F.  C SnTreyor  to  the  Urban  IHatriot 

Con  noil,  Aldonhot 

1888  Sept  21     VAiiAnci,  B.  F Boraugh  Snnejor,  Hsnifleld. 

IS87  0«t   22    Taloh,    W.    A.    Hobrroaa,    Rami^te     CfnTOistioii     Ob>>- 
Amoc.  H.  In«t.  C.E.  work* Engineer.    I40>ndHl 

Tranple    Chftmben,    Temple 
ATfnne,  E.O, 
«1894  Jul  181 

TlOOl  Deo.  7  I'Vmr,  L.  J 1  Pimiioo  Bead,  8.W, 

K1B08  Feb.  21 

-1^  ^^  ?Ji  Vrarais,  A.,  Aarco.  M.  Inal.    "Carapton,"  Arkwright  Boad, 
UWW  Jan.  nj       Q  jj  HampateiA  N.W. 

1897  Jniw  19    TnoKBT,  8.  J.  L.,  A.  H.  Inal.    Borongh  Bnrrejoi,  Newburr. 
O.E. 


1894  Jnoe21     Wadduwtom.J.  A.F,H.Iiiat     Bomngh  Engineer,  Uanlebone, 

as.  W. 

1902  JmuT      Waxbtobd,  J.  P.,A.H.Inflt.     Surrejor  to  the  Urban  Diitrict 

O.E.  CouDdl,  BilMon. 

1888  Jaly  12    Wakslah,  H.   T..    M.  Inst     County    Engineer,    Middlesex. 
C.B.  (Jfem&n-  of  Council.)  Gnildhall,  Weitminater,  S.W. 

1898  Sept.  8      WitLin,  A.  H^  A.  H.  lut.    Borongh     Snrreyor,      Longh- 
C.E.  borongh. 

tJ22  r!ll^  i£i'WALMH,  H. BuTfejor  to  the  Urbw  Dtetrlot 

TlWM  J»n.  2BJ  Conncil.  Weald-toie. 

P1878  Hay  2      Waukb,T. "Akemead,"    Harriotts   Lane, 

Aibitead. 

1887Jniiel8     Walsbaw,  J.  W. Borongh       Bnrreyor,      Peteis 

boiMigh. 
1S05  Bept  23    Wabbiibioh.  W.  E.      ..      . .     BnrreyciT  to  the  Urban  DiitrM 

Con  noil,  Honaea, 
1899JBn.   21     Ward,  J.,  H.  lut.  C.E.        ..     Borongb  Kngineer,  Derby. 
ISM  Jan.  23    WABD,T.,Ajaoa.H.In8tC.E.     Borough  Engineer,  Lower  Hatt. 
4    Grey   Street,  Wellington, 
New  Zealand. 
1880  July  8      WABi>LB,J.W.,A.H.bifLO.E    Boroogli  Bnrrejor, LoiiglOD. 

•5?2  S*?  i^l'WABLOW,  W.  B. Sumiyor  to  the  Urban  District 

TIWO  JWr.  9  }  Council.  MUton-next-Bitting- 

bonrne. 

-i22  ^Z»  i5Wabb,  G,  W Surreyor  to  the  Drbaa  District 

*190t  Sept  17/  Council.  Bontbwiot. 

1890  Ha;  S      WAnMHtxwi,  D. Borreyorlo  tbe  Urban  Dittrlot 

Conncil,  WatfoKt. 
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1892  Mm.  11     Wateitb,  O^  A.KIiutO.E.      Surveyor  to  the  Urban  Dbtrict 

Council,  Llanellv. 

18S7  Jane  18  Watboh,  J.  D^H.Iiut.  O.E.  EnKineer  to  the  Birmingham, 
Tame  and  Boa  Drainage 
Board,  OouDcil  HoD«e,  Bir- 
mingham, 

1901  Aug.  10    Watbom,  W Borgh  Burreyor,  Bt.  Andrem, 

1889  Sapt  21    Watts.  E.T. Sarreyor  to  the  Baral  Diatriot 

Coanoil,  Hadham  and  St«ii> 
■ted,  Biahop'i  Btortfotd. 

1893  OeL  21    Watts,  W^A.H.In«LC.K  ..     Water  Engineer,  Langwtt,  near 

Penictane. 

1899  Jan.  21     Weateb.H.  J Snrreyor,  BLing'a  Lynn. 

1887  JnnelS     WEATBB, W., H. IniLO.B.  Boroun;))  Engineer. Keniington, 

(Pait  PrtiHtnl.    JKnnter  af  W. 
Council.) 

1900  Oct.    15    WiBB,  H Garden  Citj  WalerworkB,  Bnik 

BtT«et.  Baldook,  Herts. 
1897  Feb.   13    Webb,  J.  A. Burreyor  to  the  Bnml  Diatriot 

Connoil,     Hendon.        Gre«t 

Stanmore. 
1905  Got   28    Wkbb,J.  H Borongh   Rurreyor  and   Water 

Engineer,  KIdk'b  Lynn. 

1901  Oat  19    Wbbsteb,  J.  W Bnrreyor  to  the  Urban  Diatriot 

Counoil,  Cowea,  Isle  of  Wight. 

190S  JkD.  28    Wnniit,  B.  A Town   Bngineer.   KraKerBdorp, 

Tmniraal,  South  Attira. 

.IS?  ^J  ?5i  WBoemi,  E.  J Diatriot     Surreyor,    Gurtleton^ 

•1901  Aug.  2*)  Maneherter. 

1882  Apr.  19    Wbaubx,  W Boroogh  Bnrrejor,  Uiddleton, 


,1*^  tl*-  l?i  Wmtok,   H.    J.,   AaMo.   M.    24    PortUnd     Street.     Sonth- 
m1903  Jan.  17j      |^^^  (,  j.  ampton. 

V1888  Jaly  12    White,  A.E.,H.Intt.O.E.  ..     Oitj  Engineer,  Hnll. 
(_Ma.nb»T  rf  Cornea.) 
1891  Dot  17    WiiiTB,H.V.,BLIn«t.C.KI.    Conn^      Surreyor,      Queen'a. 
Conntv,  Marrborongh. 

1900  Har.  10    WbitcJ.  N Botongb  Barreyor,  SUIybridga. 

lars  Hay  2      WHITE,W.H.,H.InitO.B.    Oitv  Engineer,  Oxford. 
(Pu»(  Pratilait.) 

1890  Har.  25    Whtitbll,  F.  S Snrreycni  to  the  Urban  Diatriot- 

Couooil,  Woikaop. 
1900  Aag.  23    Wsultt,  H.  0„  A.  H.  Inst.    Boroogh       Engineer,       Great 

C.B Orimaby. 

1889  Fab.  9      Wiu,  0.  F.,  IL  IiuL  O.B.        City  Snrreyor,  SbefSeld. 
(  rtM-Prvmfmt.) 

1888  Hay  12    Woo,  G.  H Surveyor  t«  the  Urban  Diatriot 

Oonnoil,  Llttleborongh,  near 
Hanoheater. 

1896  Apr.  29    Wildibo,  J. Surveyor  to  the  Urban  Dictriot 

Connoil,  BnnoorQ. 

1905JDna22    Wtua,  J.  W Snrvayor  to  tbe  Urban  Diatriot 

taa±  M.i.  OQi  ConnoiJ,  Gorton,  Lanca. 

S;  v^  at  Wn-BOMON,   J.  P„   M.  Inat.      301-304  Com  Biohaoge  Cham- 
B1902  Nov.  8  i      C.E.  ben,  Cathedt^  BtrSrt.H»ii- 
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1899  Hi.  25    WiuuKMui,  M.  H Sarveror  to  the  Urban  District 

C'onnoil,  Lejluu]. 
11^  Mm.Ii}  WiLKEreoii,  W.      Ashton  Hoaw.  Hemlagbrongh, 

1884  Oct  9  t  WiLLCoz,  J.  E.,  Amoo.  H.    63  Temple  Bnw,  BinnlagluuD. 
■1885  Jane  6  f      Intt.  CE. 

1894  Mar.  3  Wiluavs.  H.  DAWKm.,  .,  SuiTeyor  to  the  Urban  Dittrfot 
Connoil,  Ogmore  and  Oanw, 
BlnoknilU  B.8.O.,  Bridgend. 

I9IH  May  28    Wnxiuu,  J Surveyor  to  the  Urban  DUtriot 

Conaoi],  Abercam.  Hon. 

1893  Jnly  31     Williams,  J.  B.     Borough  SorTaTor,  Daveiitrj. 

I89T  May  15    Wiluams,H Sarveyoi' to  the  Dtfaku  Distriot 

CoQuedl,  Bridgend. 

19«  Ang.l      WiLLiAWOH, W. at; EnglDeer'B Offloe, GlugDv. 

IS9lJtma25    WiLLMoT,  J County     Surveyor,     Warwiok- 

shire.      6    Waterloo    Street, 
Binninghnm. 

1)M  Oct   29    WiLLOUOHVT,  P.  B.  A,  AM.     Sorveyor  to  the  Urbkn  Distriot 
InirL  C.E.  OooDoil,  Pontypridd. 

1898  Jmie  30    Wilsoh,  A.     Oonnty  Sarreyor,  Dumbarton- 

1887  8«pt  17    WiLwnr,  O Sorrsyor  to  the  Urban  Dlatriet 

Counoil,  Aluvick. 

^m  F^^.  25}  W'"»"'  J Baolwide.  Bwsnp,  Lancaahire. 

ISH  iUj  29  *WiLSON,J.B.,A.M.Init.0.B.    Barreyor  to  the  Rural  Distriot 

Couuoil,  Cochermouth. 
1304  Aug.  28    WtLSOH,  J.  B Bnnrh  einrreyor,  Huleiuburgh. 

1897  Oct.   16    WwiONe,  D. Burgh      Surveyor,      Brougbtv 

Ferry,  N.B. 
1880  Oct.  2      Wuramr,  6.,  AJL  In»t  ex.     Borough   Bnrreycff,  Abingdou, 

Berks. 
1696  Feb.  22    Wnma,  O.  E.,  Amoc  H.  Inat    Borough  Borveyor,  Hampttead, 
C.E.  N.W. 

«1900  Hay  191 

TA1902  Jail.  25y*WoLFE!<l)lll,  B.  J.,  A.M.Iiiat     Borough  Engineer,  Bootle. 
11902  Nm.  8  )         C.E. 

1880  P^  7      Wooli,A.B. Sutreyorto  the  Urban  Dittriot 

Comuul,  Tnufltall. 
I894H«r.8      WooD,P.  J.,  A.H.  InatCE.     Coooty  Snrreyor,  Bnnex  Eagt. 

1898  Apr.  28    Wood,  W.  E. Snrreyor  to  the  Urban  Diatriot 

Coimoil,  Chnrab. 

1900  Feb.  10    Woon,E.I.. Town   Snrreyor,   Bangor,   Co. 

Down. 
^^  ^  I,}  WooDBUDSi,  C.  A Finuer  Uouae,  Pinner,  Middla- 

1899  May  6      Woodwabi),  F Snrreyor  to  the  Urban  DiMriot 

Connoil.  Stourbridge. 

T1901  Oct'  Igl'WoOTTiWi,  A.  a Snrveym,  Urban  Dwtrict  Coun- 

eti,  Bradford-OD-Ayon. 

1697  July  8    "Womall,  E.         Surveyor  to  the  Urban  District 

Coimoil,    Streitbrd,    Coondl 
Offices,  Old  Trallbrd. 
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18S6  J11I7  8       WoBTH,  J.  E.,  H.  IiuL  O.E.       Dlstriot      En^neer,      London 
Count;      (%nou{l,       Sprins 
Gudeiu,  aV. 
fll893  July  ISl 

T1899  Out   2n*WBiOHT,  J.  A.        6  Unity  Street,  BrlstoL 

BlBIH  Dec.  3  I 
1892  Hay  28    WYKKB-EoBiBn,  B.  O.,  H.    Water  Engiooei,  Cape  Tawn. 
Iiut  O-E. 

1895  Jan.   19     YABBIOOH,  T.  H^  SLXntt.    Oi^  Engineer,  BtUtol. 
O.E.        (Patt       Prettdtta. 
Mmb-sr  0/  OxHuil.) 
S1S92  July  ll\*YtTEs,  F.  H.,  Abboo.  H.  Inst.    SutTeyot  to  tbe  Urban  Dbtriot 
T1892  Sept 24/      OB.  Council,       Waterloo,       neM 

LiTerpool. 
M.    Ian.    Enrreyor  to  the  Urban  Diitriot 
Conacil,  EuBt  Barnet  Valley. 
Station  Boad,  New  Barnat 

1904  Aug.  26    Yotnta,  0 Burgli    Sarreyor,    Coatbridge, 

N.B. 
1900  Hay  19    Youso,  J Bnrgh  8ar»eyor,  Avr. 

1899  Deo.  16    ToDxa,  T Snnrej'ir  to  the  Roral  Distriot 

Oonnci  LSuudatland. 

1900  Itay  19    Todno,  W.  P Snrreyor  to  the  Bural  Distriet 

CotuMil,  Walkmll.. 
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TOWNS   AND   DISTRICTS 

REPRESENTED  BY  ICEUBEBS  OP  THE   ASSOCIATION. 


ilgitifiet  AsBOU>. 

r.        „  Araio&K  Ddtbiot. 

„  Eaotibm  DiarraojT. 

„  HoKB  DwTBccrr. 

d.  „  IlfDUy   DllTBIOT. 

Ikibh  DisTBiirr. 

AC.   „        Lanoabhihi  Jt  OaaiKiBi 

DnTBtur. 


Hst.  ligniJUm  HrcaoFOLiTAN  DuTaiot. 
M.  K        HiDLUiD  DiFraiiTT. 

N.  „  NOHTHIBJI   D:8TKI0T. 

S.  „  SOOmSB  DUTBKTT. 

Wu.SBDl«TBIlTr(NciTth). 

(9onth). 

WB8TIBN   DlBTBICT. 
YOBKBUIBK  DlSTBItn. 


W.N. 
W.8. 
Wert. 


TOWN. 

ABBBOABir  

Abbbdbem       

Abbboaybimv 
Amxaooit       

AoOBOraTDH 

ALfnncs        .. 
Althihuham 

Anhvuld  Plain    ., 
ABTitni  (Conaiy)   .. 

AjtBBUATB,  N.B 

ABSTLLsauB  (Count;) . . 
(Connt;)..     .. 

AaBBODBMB       

Abhst-db-la-Zodoh 

ASBFOBD 

ASHTON-DH  DIB-LtKR 
ASBTOV-OH-H  aSSBT 

Abioh  Hanob 
AtHBBSTOiiB  (BnnI)     .. 
Athbbton       

AthiiOvb  (Oonnty) 

A¥B.. 

AwaaniBB  (Oonnty) 

BU«T   WTTB  HBXTBOUFI 

Balltmbha     

Bakoob.  Uo.  Ddvn 


DI8TBI0T.  NAUB. 

West         J.  ffUliami. 

8 W.  Dysok. 

Wert.       J.  H»i«h. 

H.  G.  WUwbip. 

L.kC U.  Hentoo. 

L.*0.       W.  J.  NewtOB. 

H.  D.J.  Ebbetts. 

H P.C.  Urrn. 

N.  G.  WilBon. 

L.*a       J.  Btokoo. 

E.  R.  W.  Knapp. 

N.  T.  J.  Trowidale. 

L  J.  H.  Bretu 

a F.  C.  Sioitb. 

g.  H.  B.  HcBrth. 

I J.  C.  Boyla. 

I.  R.  H.  Domun. 

H W.  Stringrellow. 

H 8.  Turner. 

H.  W.  Tenill. 

L.ftU       J.  T.  Earnehaw. 

L.4  0 K.  Hutton. 

M G.  H.  Jaok. 

M,  H.  J.  Coleby. 

L.*0 W.  Clongh. 

L.  ft  C V.  H.  GriiBslunr. 

I C.  J.  MuWany. 

H T.  Bibbey. 

S J.  YouDK- 

S A.  Stereiwoii. 

Y  G.Gledlim. 

I h.ffHMa. 

H.  N.  H.Daw*on. 

I E.L.  Wooda. 

H C,  F.  Dawwin. 


T0WH8  AMD  DIBTB10T8 


TOWN. 

DISTBIOT. 

NAUB. 

..     O.  B.  Tomea. 

.      L.*0,      ..     . 

..     J.  W.  Smith. 

BiBRY          

W.S.       ..     . 

..     J.  CPKdoa. 

L.  ft  a    .. 

..     O.O.Hoolej. 

BuFOBD(Rml) 

M. 

..       S.  MajrlftD. 

M. 

..     0.  W.  Hawlej. 

H.         ..     . 

..     F.  B.  Fhipn. 

Met.        ..     . 

..     T.  W.  A.  HftywHd. 

Br«TT,im 

E.          ..     . 

..     T.  O.Cadbird. 

H.          „      . 

..     J.A.ADg«IL 

BropoBD 

H.           ..      . 

H.         ..     . 

..     W.  H.  LMte. 

BiLrAST        

..     H.A.OaUer. 

Bripih                  ,.      , 

H.           ..      . 

..     T.  Feau. 

„      (Bwiaj      

M.         ..     . 

..     B.O.  Cordon. 

Ind. 

..     G.  E.Hull. 

BrawiLL .. 

N.         ..     . 

..    W.  P.  PatUMii. 

H«t        ..     . 

..     B.  J.  Angel. 

8.         ..     . 

..     T.  B.  AtkioMiL 

Bn-HHAL  Qbewx 

..    B.  B.  FiDCli. 

Bbtbbut        

Y. 

(Bural) 

y.       ..    . 

..     E.  Pioker. 

**"?;' ^T   , 

H.         ..     . 

...   W.T.HowK. 

BromiLPB       

M.           ..      . 

..     B.aibnii. 

Bl08I»WADI 

H. 

..     T.Cookrill. 

(Bw^>  ..     .. 

H. 

..     J.O.Jonet. 

BiLraoH 

BWOLBT 

T.         .,     . 

.      L.4  0.      .. 

M.         „     . 

..     J.Price. 

BUMOP"!  0*8TLB 

M.         .,     . 

,.      A    Hsmir, 

Bishop's  Btobtioid       ..      .. 

a       ..    . 

..     R.  B.  Soott 

.      L.*0.      ..     . 

..    W.Smbb*. 

L.  ftO.      ..     . 

..    J.  S,  Biodie. 

Bliokwbll  (Bnnl}     ..      .. 

H.         ..     . 

Af.         ..     . 
M.         ..      . 

..     H.  BUcook. 
..     H.  F.  Feet. 

Blti^  Am  OccKVET  (Bninl) 

..     0.  A.  Bridge*. 

..     J  U»ll. 

B0'KMB,N.B. 

S.         ..     . 

..    J.  P.  L»«rie. 

BOOTt* 

.      L.*Q      ..     . 

„     B.  J.  Wolfenden. 

BOOTON.  Liiic*     

E.         ..     . 

..     O.E.  Clarke. 

BouBNB  (Bur^) 

E.          ..     . 

„     A.  J.  MetcnUe. 

BOUBIfXMOtTtl 

H. 

BUDTORD          

..     J.  H.  Cos. 

Braivtub      

Bm«ooF 

W. 

..     H.  LI.  Oriffltlu. 

BBBiriTOBD       

H.         ..     . 

..     N.Pan. 

Bbintwood 

B.           ..      . 

..    J.  B.  FotherglU. 

BunantD       

WB.        ..     . 

West        ..     . 

..     F.  Parr. 

BMi>owiTn(EwMl)    ..     .. 

W«t       ..     . 

..     W.  A.  CoUiiw. 

Bmdujiotob 

Y.          ..     . 

..     E.  E.  Matthew.. 

(Buml)  ..     .. 

T.          „     . 

..     B.Djer. 
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BtmLsy  Hiu.      

M. 

.      ..     J.  L.  Harpar. 

BnaHODSe      

T. 

.     ..     S.  &  Haywood. 

WMt 

.      ..     T.  H.  KubbiooiiL 

WJB.        .. 

.      ..     H.A.OIark«. 

H. 

.      ..     H.  Hard. 

Bkmtud       

M. 

.      ..     J.  D.Bun. 

BaoonBTi  Fbbst,  N.B. 

S. 

..     ..     V.  Winning. 

M. 

E. 

.      ..     H.  Tooler. 

BOCnKSHAM 

H. 

„            COonnty)..      .. 

H. 

.      ..     E.J.ThoiM«. 

.     L.  *  a     .. 

.      ..    J.  HcD.  HcKtukzk. 

WMt 

.      ..     W.H.ChowiiiiL 

BuBKLsy 

.      ..     Q.  H.Piokl«L 

„        (Bnrri) 

.      L.&0.      .. 

.      ..     F.  Bottuiy. 

.      ..     G.  T.  Lynam. 
.      ..     A.  W.  Bradley. 

BCBT         

..      L.4C.      .. 

E. 

..      ..     W.U.Harding. 

BCXTOK 

M. 

.      ..     W.H.  Grieves 

CUSFBILLT 

W.8. 

.      ,.     A.O.  Harpnr. 

Met. 

Cahxock,  Stiffb 

M. 

..     ..     J.  a  Hendry. 

Cantebbcbt 

H. 

.      ..     A.C.  Turtey. 

Cape  Towm,  South  Atbicu 

Af. 

..      ..     J.Cook. 

OiMniF 

..        W,S.         ,. 

N. 

,     ..     W.Hatpur. 
..      ..     H.C.  Mark.. 

M. 

..      ..     J.C.Hallfr. 

W.8.       .. 

.      ..     F.J.  Finglah. 

CuVABTONSmBB  (CoiiDt;)  .. 

W.N.       .. 

.      ..     E.  Etmii. 

..      „     E.  UalL 

CAtTLEFOBD 

.      ,.     W.  Green. 

fh..™*.. 

.      ..     C.D«y, 

E. 

(Biml)     ..      .. 

K 

.      ..     J.Dewhlrrt. 

..     ..     T.W.  EHiggeia. 

CuLTnriuM 

WmL        .. 

QawKnoa       

„      ..     F.  Featlier. 

Chxbibkt       

.      ..     J.  F.Btow. 

..      ..     P.  C.  Doimer. 

Chmbibe  (Coun^)     ..      .. 

.      Ii.4.0.      .. 

.      ,.    H.F.Bnll. 

H. 

.      .,     B.  H.  Jsflte. 

Omwmb 

L.ftO.      .. 

.      ..     1.  M.  Jone.. 

CHHmmLD       

U. 

.      ..     V,  Smith. 

.      ..     £.  LiDOB. 

CHtnuTOv 

.      .      J.  D.  Bland. 

CmcBHmB     

.     ..     I.  ^m-JouM. 
.      ..     A.  E.  Aduna. 

CBIITOWiM 

Wert. 

UmwiOT        

H. 

.      ..J.  Barclay. 

CBO«t»T 

L.*0.      .. 

.      ..     W.  Leigh. 

CEBWrUHVROB           

H. 

.      ..     y/.lLWi^. 

CUTma(.t*MooM       ..     .. 

..      1*4  0.      .. 

.      ..      4.DodB««. 
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TOWNS   AND    DIBTBIOTS 


iDd. 
Ind. 
W.N. 


TOWN. 
Clboehbatoh 

OLBBTnORPES 

OOALVUJ.1         

COATBKIDOB.  N.B.  .. 
COOEBHMOCTH 

CooKESHOiiTEi  (Bnial)  . 

OOLOHUTEB 

CouiMBo.  Ceylon  . . 


OoLWTH  Bat .... 

COHOLETOH        L.ftO. 

C0S8BTT           S. 

CoHW&T  (Rural) W.N. 

COBK        I. 

OoBE  (CouDtf ),  West I. 

„            „        South I. 

COTTTNOtlAH y. 

OOVBS,   iBbE  or    WlOBT           ..        ..  H. 

COWPEN N. 

Okbwk       L.  AC. 

Gribpp,  N.B S. 

Obomeb E. 

Cbovdon        H. 

„      (Highways) H. 

(Bonl) H. 


N. 


a  Lund. 

E.  Bunhton. 
L.  L.  Baldwin. 
C.  Yonnir. 

F.  0.  C.  JSaatL 
J.  a  Wilson. 
H.  Ooodyenr. 
T.  H.  Hartley. 

F.  A.  Cooper. 
B.  Bkelton. 
W.  Jonea. 

R.  Bunlam. 
W.  6.  ShAX. 
T.  B.  Pnrrington. 
J.  F.  DelaDT. 
B.  W.  LoBKfleld. 
8.  A.  Kirkby. 
J.  H.  HatiKHi. 
J.  W.  WetMter. 
B.  GiievM. 
O.  Eaton -Sbore. 

G.  D.  Harlda 

A.  F.  SootL 
a.  F.  Carter. 

B.  F.  Mnrgan. 
B.  M.  Oiart. 
O.  J.  Bell. 

T.  Aiikeii. 


Dartpobu      

Davehtrv      

Dabweh   

Deal        

Dekton 

„       (County)     

D^IBOKUCOH         

Devon  (County)     

Dewskubt      

DoNOAifTEIt        

DoHUAVTEa  (Rural)  (Highwayi).. 


Watt 
H. 

Ii.*0. 


L.*C. 


DOREINO 

„         (Rural) 

DowK  (CouNty)     

Dbittibld  (Rural)        ..      .. 
Drovuden         

Dbdmlibdeh,  N.B 

Ddblik 

„     (County)     

Uddliy  

DUEDfPIELD 

DcMBAHTOHaHiBE  ((Toonty)  . 
DuinrkBMUNE  (C^nty) 

DUNBrAB[.B 

DlBKAM  (BorJ) 


..  T.  E.  TUfen. 

..  A.  Bmlth. 

..  J.  B.  Williami. 

..  B.  W.  Emilh-SaTilie. 

.,  T.  C.  GoldBT. 

.,  T.  SBlkiild. 

..  G.  H.  NeirtoQ. 

M.  J.  Ward. 

M J.  8.  Btnry. 

H.  D.  J.  DivBT. 

Wait       W.  Ingbam. 

Y.  H  Deudeo. 

T.         W.  H.  R.  Oabti'ee. 

T.  W.  Crabtree. 

West.        G.  J.  Hnnt 

H U.  B.  MiLth«wi. 

H W.  Ba|.loy. 

H H.  E.  Btilgoe. 

L  J.  Heron. 

y T.  C.  Beaiiii>3nl. 

L.  *C C,  Hall. 

3 J.S.Bruce. 

I B.  Harty. 

L  W.  Collen, 

H.  J.  Gamma^ce. 

L.ftO 8.  HaKutL 

B A.  WilBon. 

S.  D.  UacKencie. 

H G.  Simooi. 

H.  G.  Or^Mii. 


.ogle 


BEPBKENTED  BT   UBHBEBB. 


H. 

..      ..     C.  Jones. 

EUn-  Babnct  Vallbt  . .     . . 

H. 

..      ..     H.  York. 

E*aT  U*M      

H. 

..      ..     A.  H.  Campbell. 

H. 

EiST  Kcttobb  (Bnial) 

M. 

..      ..     T.Henry. 

EiBT  ST.1W  (Knnil)      ..      .. 

.       ..      A.  E.  Preaoott 

Bra*  Vau    ..             ..      .. 

WeBt        .. 

..      ..     T.  J.  ThoiuM 

Edinbdboh,  }I.B 

S. 

..      ..     J.  Hauie. 

BLeiM,  N.B 

S. 

..      ..     A.  A.  Tnrriff. 

Empuld 

H. 

..      ..     K.ColliTH. 

EHKMUI.1.EII  (County)..      .. 

r. 

..      ..     J  P.  Kurkltt. 

Ehehhoton      

..      ..     H.  H.  Humphriai 

EiTOM         

r. 

..      ..     C.  Mcltenaid. 

Etiin  (Bnral) 

H. 

..      ..     R.  Hallam. 

„      (Highway!)    .. 

H. 

..      ..     A.  Glaawell. 

ElESHAM 

Wert.       .. 

..       ..      T.  Moulding. 

ExNorTU          

W«rt.       ., 

..      ..     ti.  Huttun. 

..       Wort.       .. 

..      ..     W.  H.  TroBsidei. 

Falkirk.  \.B 

B. 

..      ..     D.  Ron»ld, 

H. 

..      ..     W  Butler. 

H. 

..      ..     J.  E.  HarrreaTei. 

Fabhham         

H. 

„      ..     B.  W.  Cum. 

FlHNT   HTRATTOBA           ..        .. 

PiKOHLCT             

H. 

..      ..     QJ.jBnkin, 

Met. 

..      .,     P.  G.  Killick. 

FtmreHiM  (County)    ..      .. 

W.N.        .. 

..      ..     a  EvaDi. 

.      ..     A.  E.  NichoU. 

FOOT-B  Chat          

H. 

.      ..     W.  A.  Farnh-m. 

FHICftK  Babkkt      

H. 

..      ..     E.  J.  R(.'yD..Idt 

FUMLEV 

H. 

E. 

..      ..     B.  M.Bftte. 

Wert.        .. 

..     -     F.  W.Jooea. 

E. 

..      ..     aw.  Parker. 

Galwat  (OoDDtyX  Weat      . . 

..      ..     J.  Perry. 

..      ..     J.  Smilti. 

GlLLtHOHAH 

Qlauoioax  (OouQty)  ..     -. 

.      .,     T.  I.,  Edwards. 

S. 

Olastohbdut        

OL0D<n»TBI 

(Oounty) ..     .. 

Wert.        .. 

.      ..     R.  Phillipi. 

Gi.VHCOBBira 

GODALVIHa        

..      ..     J.  Goorge-Powell 

GoBToy 

GoaroBTB       

N. 

OfMrORI  AND  ALVIUTDXB  .. 

GOTAN,  N.B 

8. 

.       ..     F.  O.  H<.lme<. 

OttAimtAii      

B. 

..      ..     F.J.  Mcrm. 

TOWNS  AKD  DISTBI0T8 


TOWN, 

DIBTBIOT. 

tNAUE. 

GR1TB8BHD       

a         ..     . 

.      ..     F.  T.  Gnnt. 

Qbbat  Cbo»t      

.      L.AO.      „     . 

.      ..     W.  Hall. 

.      ..     H.G.  Whyutt 
.      ..     J.  W.  Colirili. 

R         ..     . 

GB«MocK.N.a 

8.          ..     . 

.      ..     A.J.TumbnU. 

Obet  Oodktt,  Niw  ZBAi.uru 

A.          ..     . 

;.  ;:  t?te 

A.            „       , 

H.          ..      , 

.     ..     T.  J.  Guilbert 

OFILSrORD        

.     ..    C.  6.  Mmmu. 

(BuHdj        ..      .. 

H.         ..     . 

.      ..     J  Anatee. 

Met.        ..     . 

.      ..     N.acoreie. 
.      ..     B.T.  Wktta. 

H.         „     . 

..      L,  *C.      ..     . 

.      ..     F.  Lobley. 

Halifax  CEiiHa) 

Y.          ..     . 

.      ..     F.  Gordon. 

.      ..     W.  H.  Pnrdie. 

HANNnmiTH          

Met        „     . 

.      ..     H.  Mair. 

HiiiHfri.n 

Met         ..      . 

.      ..     O.  E.  Winter. 

H.          .,      . 

.      ..     8.  H.  Chwiiben. 

H.          ..      . 

.      ..     J.  N.  HoTBfleld. 

M.         ..     . 

Baklbt 

M.         „     . 

.      „     J.  Lobley. 

Hants  (Connt7) 

H.          ..      . 

.      ..     W.  J.  Tdvlor. 

Hanwili.       . 

.      ..     a  W.J.  Bune*. 

Habrow 

E.          ..      . 

.      ..     fl.  Ditoham. 

..      L.4G       ..      . 

.      ..     J.  8.  Green. 

H.          ..     , 

..     ..     P.  H.  Palmer. 

E.           ..      . 

,.      „     F.  W.  Knewstobb. 

HAwiuii,N.a         

S.           ..      , 

..     .,     CbM.  Bn>wii. 

Hatm      

H.          ..      . 

.     ..     C.  U.  Owy. 

..     ..     J.  Bttville. 

..      ..     J.  K.  Wilwm. 

'  Hum.  HBHnnuD      ..     .. 

M. 

..     ..    W.B.  Locke. 

Hbtdok 

H.          ..      , 

,.      ..     S-aGrimley. 

„      (Rural) 

H. 

..     ..     J.  A.  Webb. 

Hekookd  (Bnnl) 

..       W.B.        .. 

..      ..     J.  P.Jonee. 

M. 

(Omntj)     ..     .. 

M. 

..     ..     A.  Dtyltind. 

..     ..     J.  H.  Jevom. 

HmrsHAii        

..      L.  A  0.       .. 

..     ..     H.  MUler. 

H. 

HlNflBLBY         

M. 

..     ..    E.H.  Cnunp. 

Hrmmi 

H. 

A, 

W.N. 

,.     ..     A.  Aequitl.. 

,.     ..     W.  B.  VarburtoB. 

HOEIKWT 

H. 

T. 

H. 

..     ..    B.  Reuwtok. 

H. 

..     ..     H.  H.  Soott 

Ind.        ..     , 

..      ..     A.  Hule. 

..     ..    R.W.  Fiwer. 

..     ..     H.  G.  Eeywood. 

Y. 

..      ..     K.  F.  Campbell. 

„           (Gm>     ..     .. 

Y. 

Y. 

..      ..     A.E.WhiM. 

it»  Google 


BBFBESENTED   BI  HEHBEBS. 


TOWN.  DI8TEI0T. 

HuHTUiaDoii  (County) H. 

Hyde      L.*0. 

Htth« H. 

iLPomo     E. 

lUKAOOIIBB WmL 

Imtkbnem       8. 

Inwiou E. 

IM.AM          I,,ftO. 

Ipswich.  QrBKtriL&wii A. 

UlM  or  Elt,  North  (Comitj)    ..  E. 

In.E  OF  Tbavet  (Bnral)     ,,      ,.  H, 

Ialuoton        Uet. 

JOBANNEIBUBS            AT. 

Kkabslkt       L.  Jt  0. 

KMISKLfV           T. 

Knpu. N. 

Kkrilvob^  p.  H. 

KxHiDreTOK Met. 

Ekst  (Conntj)       H. 

Emtetbn  (CoRDt;}       B. 

Kmwick N. 

KCTTBRDIO        U. 

KBTmiiA>  (BtiMl)        West 

KlDDBBIlIHmB  (Btuml)                .,  H. 

EiLKBMHT  (County)      L 

KiLM&BHOCK,  N.B.           ..        ..        .,  8. 

Knre's  Ltbh E. 

Kma's  NoBTOH      M. 

KiH(m«N  (Highmye) H. 

KtHMTOii,  Jamaica       A. 

ElBKOALDT      S. 

KOBOCDBBieRIBEIBB  (OoDIlty)    ..  8. 

KnooNnAi),  O.B.C Af. 

EBUaBMSOBP,  Tkahstaal  ..  Af. 


Hut. 

Laxoahhibb  (Coosty) L.  &  0. 

LuKuarcB      L.  k  0. 

LAHOBErrEB  (Bunl)  (Highways)  N. 

LSATSESKBAD           ..        ■•       •'        ■•  H. 

L«KM         T. 

Lbxd*  (Sewange) T. 

Lbowteb        U 

(Oonnty)     M, 

LnoB      L.  &  0. 

,      (Rural)       L.  ft  0. 

Lbiob-oh-Sba E. 

LdOOHTON   BiTIIABn          H. 

1«ITB,N.B 8. 

linTRiH  (Connty) I. 

IdTB:fBUULME            h.  A  0. 

Lswaa      H. 

LBTUurv L.*0. 

Litton B. 


NAME. 
H.  J.  O.  Leete. 
J.  Hitohell. 
Chrit.  Jonea. 

H.  Sbaw. 
O.  H.  Prouaa. 
T.  H.  Scott 

E.  Baokbam. 
O.  H.  Kay. 
T.  Kirk. 

H.  F.  SimpaoD. 

F.  T.  Elliott. 
J.  P.  Bnrber. 

T.  A.  OolIiDRWOod. 

A.  P.  Lambert. 

H.  Nattall. 
W-  H.  HopUnBon. 
R.H.  Cluoaa. 
8.  Doii^laa. 
W,  Weaver. 

B.  P.  Maybarv. 
W.  B.  Pnraer. 
W.  HodnoD. 
T.  K.  amith. 
H.  H.  Beunett. 
A.  Comber. 

A.  H.  Budea. 
K.  Blackwood. 
J.  H.  Webb. 
A.  W.  Cron. 

A.  J.  HenderwD. 

C.  V.  Abrabama. 
J.  L.  Lnnudeti, 
J.  D.  Smith. 

F.  Brown. 

B.  A.  Webater. 

H.  C.  J.  Edwards. 

W.  H.  Soliofleld. 
J.  C.  Mount. 
W.  Camming. 
■).  K  Bmalea. 
W.  T.  Lancathire. 

G.  A.  Hart 

W.  B.  Beaoham. 
K  U.  Mawber. 
S.  P.  Pick. 
T.  Huut«r. 
T.  W.  B.  Gent 
W.  J.  Patoh. 

J.  Stewart. 

J.  B.  Findlay. 

,     B.  0*N.  Clarke. 

J.  JephBon. 

D.  Boberta. 

W.  H.  WilUnaoD. 

W.  DawMM. 


it»  Google 


xlvi 
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TOWN.  DISTRICT. 

LniBHiiBoT  (Rnn^)        L.  &  G. 

LuKBiCK  (Coanty)       1. 

LtHOOLK    .',       B. 

(Oountj) R 

LiTHBlLAJID    ..                  L.&0. 

LlTTLRBOBOCaH        L.  &  0. 

LrrTLEHAMFTON       H. 

LlTTLK  WOOLTOH L.  A  0. 

IdVEBFOOI.         L.  ft  C. 

LuNDAFV  (Baral)  (Highwajrg)  ..  V/S. 

Llahdcdno W.N, 

Llambllt       W.8. 

LUNTBissAMT  (Bnml) W.8. 

Lorrcs T. 

iMVVOK Het. 

(County) Mot 

LOMDOHDKKBT L 

Loiro  CasMDON      H. 

LoKoroBD  (CoQuty)       L 

LoHOTOir        M. 

LODOBBOBODOH          H. 

LoDTH  (County) I. 

LowaB  BiBiRoTOir       L.  ft  0> 

Lower  Uvtt,  If,Z A. 

LowBBTorr E. 

LocKiiO*  (United  ProvlnoM)  Ind. 

Ldulov WeaL 

Ldioan I. 

LniKOTOH     H. 

Ltthan L,  ftO, 

HAOOLEsnELD  (Btml) L.  &0. 

Mawtm WA 

MAnwTWB     H. 

(Bural)       H. 

Maijiom          B. 

HaHOHUTBB li.  ft  0. 

HAtrwicu)      H. 

Hambtibld  Woodhoict             ..  H. 

Habgah,  Post  Talbot       ..     ..  W.8. 

Maboatb H. 

Mauvt  HABBOBOnaB H. 

Habylbbohb Met 

Hatlook H. 

Hatloox  Batb     M. 

Maxweu/towii,  N.B S. 

Mblbouhmi     A. 

Hblvobo  (Bonl) B. 

HUiiOH  HowBiuT        M. 

HxBTavB  Ttdtii. WjB. 

UVTBLBT            y> 

Hbxborocoh T. 

MIIIIILE8BB0IH3B       T. 

HiDDLBSKK  (Connty) B. 

HiDPLETON        L.ft  C. 

HiDBragr  (Bural) H. 

UlDSOKBH   NOBTOII          Wort. 

HiLvos>irazT-6iTTiiiaBODBirB     ..  H. 

HniBBXAii      Wert. 


NAHB. 
B.  H.  Turner. 
1.  HoruD. 
R.  A.  HiieBmir. 

L  H.' Q^?rer. 
3.  H.  WiW. 
a.  Hoiriiid. 
S.  SimmnDB. 
T.  A.  Bnxlie. 
[.  Holden. 
S.  P.  Sti'phunson. 
J.  WatkayB. 
i.  8.  HargHll. 
r.  H.  Tarbit 
?.  Sumner. 
if.  FitzniAurioe. 
V.  J.  BoblDDon. 
!.  Parry, 
r.  W.  GnnnU. 
F.  W.  Wanllb. 
i.  H.  W«lktr. 
P.  J.  Ljnsni. 
i.  W.  Conle. 
r.  Ward. 
3.  H.  Uamby. 
L  Lene  Brown, 
i.  A.  Spreoklej. 
B..  SbilliDgton. 
T.  H.  Pwr. 
L  J.  Prioe. 


J.  Thorpe. 
J.  Hiimphrpv*. 
T.  F.  Baiillng. 
J.  8.  Killiok. 
T.  B.  8wAlri. 
T.  De  0.  He*d«L 
B.  F.  VaUnDM. 
F.  P.  Cook. 
J.  Cox. 
.     E.  A.  Borg. 
H.  Q.  Cnales. 
J.  A.  P.WHddington. 
J.  Diggle. 
W.  Ja&oy. 
J.  MoL.  Bowie. 
W.  TbwiitoB. 
W.  Carrer. 

E.  JeeTea. 
T.F  Ha*Tey. 
T.  W.  Hicbolt 
a.  F.  Carter. 

F.  Baker. 

B.  T.  Wakelam. 

W.  Welbiira. 

A.  Q  Oibba. 

W.  F.  Bird. 

W.  B.  Warlow. 

J.H.Woaloa.SiBith. 
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BEPBEBBHTED  BT  MEHBBB8. 


TOWN. 

DI8TE10T. 

NAME. 

HoaKODTBSHiBX  (Ooonty)    . . 

W«t.       ..     . 

..     W.  Tenner. 

Y. 

..     W.  E.  Putnma. 

St^SS^i"*'""-'  • 

N.           ..      . 
8.           „      . 

..     J.  M.  HMOregor. 
..     O.  LkDdale. 

Wart.        ..      . 

..     W.  J.D«yi?«. 

Nbath     

W5.        ..      . 

..     D.  M.  JeDkiDe. 

..     W.  E.  G.  ThoEUM 

NxLaoN 

L.  &  a      .. 

.      ..     B.BelL 

NEonn 

N«w  M»u>Hi       

H.          ..      . 

..     T.  B  SimmoDda. 

New  BwuniOT       

H. 

..     H.  J.  Hemp. 

SlWiBK 

M. 

..     G.  Shepperd. 

^      <Bii"l> 

.     v.     6.  J.l^iuieat 

Nbwboby       

H. 

NKWOABTLB^K-TrNB      ..        .. 

Nbwbatkm     

H. 

.      ..     T.  J.  Revnei. 

E. 

.      ..     J.  W.  Meloulr. 

NnrTOBT.  Moa.     

.        We«t        .. 

.      ..    ■H.H.HHyiiM. 

Nbwtom  Abkw     

W«rt.        .. 

.     ..     L.  SleTODB. 

Nbwtowb  S*T.  B08«ILU.  N.B. 

B. 

.     ..     Q.  Montoeth. 

M. 

..     A.  Fidler. 

NoBTBniiBEiii.An>  (Conntj) 

K. 

..     J.A.BeMt. 

NOKTHWICB       

.     „     J.  Jltooka. 

.      ..     A.  E.  OuUIdb. 

VL 

.     ..A.  Brown. 

(CoontT)..      .. 

M. 

.      ..     E.  P.HoolBj. 

NtlXXATOH         

Oabuh  (Bml) 

E. 

.     ..     C.  W.  lUvdBlej. 

OAXWorru      

..    J.  SpetKwr. 

Oqmobb  abd  Oaxkw    ..     .. 

.      ..     H.  D.  Willianu. 

Oldbcbt 

H. 

.      ..     T.  H.  Bhiplon. 

Oldham  

li.  4  0.      .. 

.     ..     B.  A.  Pickering. 

H. 

.      ..     G,W.  Laoey. 

T. 

.      ..     J.E.SbMp. 
.      ..     W.  H.  W£lte. 

H. 

H. 

.      ..     S.6tellerd. 

Met 

.      ..     E.B.  Newton. 

Padium 

..      L.*G      .. 

..      ..     J.Oi™oii. 
.      ..     CO.  &me«. 

..       Wert.       .. 

PAmc*.H.B 

PoiiLM(Comtj) 

.      ..     B.  8.  Andereon. 

PnuiH 

Fna>    

H. 

..      ..     H.  W.  Ixingdln. 

Pmrm 

N. 

.     ..     J.  J.  Knewelubb. 

Pnn,N.B. 

8. 

.     ..     B.MeKUIop. 

F^ffB,WWT  AnTBALIA     .. 
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TOWN.  DISTRICT. 

PETEBBOBOCaB         M. 

Pltmouth      Wert. 

PWCKSDOWV H. 

POLLOKBHAWS,  N.B.          B. 

PoHTUDAwa  (Kiml) W.S. 

POKTKFBAtTF Y. 

POKTYPBIDD W.S, 

PooLB      West 

Port  Euzibbts,  South  Atbioa  Ai. 

PoBT  OLAaoov,  N.B. 8. 

Pottmasu) Weet 

POBTLAND         WttCrt 

Pobtslade-bt-Bka       H. 

PORTmODTH H. 

Pbabbah,  VioniBU     A. 

Pbivtwioh      L.  A  C. 


NAHIi. 
J.  W.  Walihftw. 
J.  Palon. 
K  W.  IngunelU. 
D.  Bums. 
J.  MorpiD. 
J.  E.  Rokud. 
P.  H.A.WilIong*by. 
J.  Elford. 

A.  S.  Bnttarwotth. 
J.  Murray. 

F.  H.  Smitll. 

B.  8.  Henahav. 
A.  T.  Allen. 
P.  Mnnsh. 

W.  Oaldot. 
W.  NuttalL 


Bammatb       H. 

Bawmabbb     Y. 

BAWiBNn'U.L       L.  AC. 

Bbdoab T. 

[       M. 

..  H. 

B  (CoQiit;),  N.B.  ..  B. 

Bbtvokd M. 

Rhosdsa        W.8. 

RHTwrar Wett. 

BlOBMOim.  BUBBBI        E. 

BOOHDAU        L.AO. 

BOOHESTEB        H. 

BooBroRt)  (Bnral) H. 

BOTRBBHAN T, 

BOWLBT  Bboii        U. 

Bnoiun H. 

BttKOOBN L.  ftC. 

(BunJ) L.  AC. 

RUSHDEH            H. 

BDrmsBaLBK,  N.B S. 

Rnnj^ND  (Oonntj)       E. 

Bttoh-oh-Tyvb     N. 

B^nBOH  Waldem B. 

St.  Albavb H. 

St.  ANDBsns,  N.B S. 

St.  HEbDt'B,  Laxix. L.  &0. 

Isle  ov  Wiobt    .,  H. 

St.  Pahobab        Het 

Bale        L.  ft  C. 

Sauobd L.AO. 

Baltbubn-bi-tbe-Bea T. 

Samdoate       H. 


T.  G.  T«ylot 
J.  Bonme. 
J.  Johnston. 
J.  Boworoft. 
B.  PerriDB. 
K.  T.  CUyton. 
J.  Unmy. 
J.  D.  EoDuedjr. 
W.  J.  Jonei. 
W.  L.  Uark*. 
J.  H.  Brierley. 
S.  B.  Platt. 
W.  BsnkB. 
H.  T.  SidwelL 
G.  Jennings. 
W.  H.  Brettell. 
W.  KRogen. 
J.  Wilding. 
W.  Diggle. 
W.  B.  Madln. 
a  HoBHde. 
J.  RichanlBoa. 
J.  P.  DaltOD. 


A.  H.  ForbM. 
G.  Ford. 
W.  WatuD. 
G.  J.  C.  Bnool 
J.  I.  UartoQ. 
W.  N.  BUtr. 
W.  Holt. 
J.  Coibatt. 
G.  8.  L.  Bhus. 
A.B.BowIw. 


izedbyGOOgle 
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TOWN.  DIBTBIOT. 

SoUBOBOcaH Y. 

SoutBOBOtiaH         T. 

SBwrBLD,  Co.  Ddbhui    ..     ..  N. 

BH.KnK,N.B 8. 

BiTBtdXB        H. 

ti,  CinxA        A. 

'.'.    '.'.    V.    V.  y! 

Shkrow  Uallbt Weat 

WmC 

Met 

M. 

■■(OonDtr) K. 

SiNOAKtBX        A 

SKKLn>M-DI-CLKTBU)n>  T. 

BXDTOIl Y. 

(BnnJ) „  Y. 

Blutcbd       E. 

«        <Biir.l) B. 

SLOOaB H. 

BMALLTSOBin M. 

Skxthwiok H. 

SouEULL  (Bnnl) U. 

Boo^QLL  UFpn Y. 

SooTB  Shislm     N, 

SOQTBAU.  NOBVOOD H. 

80OTBUDTOM       H. 

Bodtbimi>«m-8ki H. 

BODTBaATm      H. 

SoBXBOWBAIf Y. 

BoDTHVOBT L.  ft  C. 

BOOTHWABK HeL 

Bomswiox     H. 

SooTEwnx-on-WuB M. 

SpujnHa  (Bnnl) E. 

3piuBT(Biiral) S. 

SlAVtOBD        H. 

„        (Oonntr)  (Highwara) ..  H. 

Staoies H. 

„       (Bniml) H. 

Stai.t>siiios L.  &  0. 

Btaioobd      E. 

Mat 

8. 

■  (HigbwAjv)"     -  S. 

Ii.40. 

SrooKirm-oH-Tsn        N. 

SnKB^v-TsraT U. 

Smtk  Ncwnrarmr      Hot 

Stoubbbidoi  .. M. 

SnAnoBiMW-ATos U 

«DBD L.AC. 

DfBurkl)     E. 

Wert. 

x'(C!onn^),  Eut      .,     ..  B. 

—  -if-Thaiib    H. 

_  .D(BiiiaI) N. 

ix(Ocnmt;) H. 


NAKK 

J.  A.  Ivaaon 
B:W.  Smith. 
J.  Stwiea. 
J.  Pritty. 
S.  Towlun. 
0.  Hayne. 
E.  0.  Cooper. 
0.  F.  Wike. 

D.  UiDoliellff. 
T.  FairaU. 
J.  R.  Dixon. 
W.  a  Eddowe*. 
A.  T.  DaTia. 
B.FainM. 

W.  P.Bobiiuoii. 
J,  HoUiDfoa. 
A.  Bodwell. 
J.  CUm. 

A.  Broo^ 
W.  W.  Cooper. 
J.  Deue. 

0.  J.  Foz-Allin. 
A.K  ComlL 
J.  BlBOktmm. 
S.E.Biug«H. 

B.  Brown. 

J.  A.  Orowther. 

E.  J.  BIfind. 
0.  G.  LawaOQ. 

W.  a.  D.  HoraMI. 
B.  P.  Hint 
A.  HarrlBoo. 
G.  W.  Wait. 
W.  B.  ThoDuta. 
T.  J.  Peaoook. 
T.  A.  Bnabridga. 
W.  Blaokahaw. 

B.  J.  ikrratt. 
O.  W.  MitnniiiK. 
J.  N.  White. 

F.  B.  Bvnun. 
II.  W.  Jamaun. 

A.  H.  Qondie. 

B.  U.  Bdd. 
3.  Atkinwii. 
H.  H.  B/kaa. 
A.  Bnrton. 
W.  F.  LoTsdaj. 

A.  B.  Bidont. 
F.  WoodwMd. 

B.  Dixon. 
E.  Worrell. 
W.  Brooke. 
O.  P.  Hibea. 
W.E.Biiih. 
H.  MtUer. 
aF.OoaUi. 
T.  Yoimg. 

r.  a.  Homu. 
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TOWNB  AND   DI8TBI0TB 


TOWN.  DISTBIGT. 

Sdhbx  (Conatjr),  But H. 

SCTTOK H. 

BoTtON  OoLDmu)      H. 

Bl)TTON-D(-A»HnKU> U. 

BWADUHOOTB H. 

BWAIVBAII        B. 

BwAXASk        Wert. 

SWAMSU W.S. 

BwDtTOR L.&0. 

BTPttKT,  New  SotrrH  Walh    ..  A. 


NAHB. 
F.  J.  Wood. 
0.  0.  Smith. 
W.  A.  U.  OlMT. 
W.  Burn. 
T.Kidd. 
F.  Hall  Bmitb. 
J.  8.  Beuiw. 
0.  Bea 
H.  EntwUIe. 
J.  M.  Smaa 


TADOAvm  (Bortl)      Y. 

Tamwobtb      H. 

(Bml)      H. 

Tahtkld       N. 

Taustoh  (Bural) WeaL 

TapDiifaTOH H. 

TnomoDTH Wett. 

Tknbdbt  (Buml) H. 

Tbwkmbobs Welt. 

Thdbbhill     T. 

TnxTsai,  Ohota A. 

TiFPUABT  (Ooont;),  Bontb       ..  L 

TlPTOM     H. 

TmisTOH       Ww*. 

Tosio  Fu,  Jafah        A. 

ToHsaisai      H. 

(EimJ)      H. 

ToowoHA,  QuBmskAtm  A. 

TOTTKHBAII H. 

TCOTIHOTOX      L.  ft  0. 

Townt W,N. 

TaoWBBroSB Wwt 

Tbtoo     WMt 

TmmuDOB  Wells       H. 

TcmTALL        U. 

ToKniH L.ftO. 

TwnxEaBAH H. 

TiLDMunt     L.ikO. 

Tthmmoitth N. 

Ttroitb  (Ootmt;),  North    ....  L 

„  „       Bonth      ..     „  I. 


T.  Soott 

F,  B.  G.  BradEhaw. 

H.  J.  Okiwm. 

B-Healop. 

T.  OoldivoTth]r- 

Ommp. 
U.  Hainaworth. 
C.  T.  GsHmga. 
B.  W.  JaiTi*. 
W.  Bidler. 
A.BothetB. 
A.W.H.BemtiKfaaiB. 

E.  A.  Eaokett 
W.  H.  Jukes. 
J.BiddalU. 
B.Hant. 

W.  L.  Bradley. 

F.  Harria. 
W.  B.  bring. 
W.  H.  PreaooU. 
L.  KeoTOn. 

E.  P.  Uorgaa. 
U.  O.  N.  Vuisy. 
H,  Lea. 

W.  H.  HazwaU. 
A.  E.  Wood. 
V.  Lafthwaite. 

F.  W.  FeaiM. 
J.  B.  Smith. 
J.  V.  Smillie. 
F.  J.  LTnBm, 
J.  W.  Leebody. 


UKHnON  

UzBxiDOE  (BiualVHighwaya) 
„         (Bnnl) 

(Bund) 

yiAJiLuan     

Wauau.  -  - -  i 

(Binal) 

WALTBUlGBaM 

WAl/TBAWnWW         


I4.&O.      J.  Heath. 

H E.  Birlw. 

H.         ..     ..     ..  J.  F.  Stow. 

Y.  B.P<nteT. 

T.  F.  Haaie. 

L.*0.      W.  H.T»*ew. 

H a  H.  Hiddleton. 

H W.  P.  Young. 

E.  W.  T.  Streather. 

H.         B.  Uorley. 
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TOWN.  DISTRICT. 

Wammwovtb  (Eaateni)       ..      ..  Met 

(Wertem)     ..     ..  Hm. 

Vaxwtkaj)      H. 

Vixr^ax       H. 

WABunmsB West. 

WABBSAmOOln  HsLBOTOVB  A. 

WABinoK«HiB«  (Count;)      ....  H. 

Watkbtdbd L 

(Coimtj) I. 

WiTBBLOO          h-icO. 

Watfobd        H. 

VAlD-OTON-DlABn       Y. 

WKALDtfHOra H, 

Wemhi.>i        H. 

Wear  Bbovwioh H. 

TiRT  Habtlmfool        V. 

Wbt  liALUHO  (Bnnl)       ..     ..  H. 

Wnimumn        Met 

WtB«»-«0n»-MABs Wert. 

Wktmovth  jun>  Hklcomue  Bmoib  West. 

WHnOHTBGH  ..       ..  M. 

Wbttebatsk y. 

WtcxLOir        1 

Wunn L.aC. 

WlLLniHAU. M. 

WiLLBDSH       H. 

WiLLneroK  Qdat       N. 

Wnjuum      L.  ft  C. 

WmBLnMni H. 

WDraHttosB ..  H. 

(BuiU)        H. 

WiMIMOB H, 

WtHKMt H. 

Wnnos B. 

WtSlVflBAM               M, 

WOLTBBBAMFnni H. 

WtaanmA.     T. 

Worn)  Gbsb H. 

Woodford     B. 

(ciinnW    "  m! 

WOBUOF M. 

Wmmxa      H. 

WoBTLMT  (Bnral) T. 

Wbkiram  (Bnnl)       W.N. 

Tom       T. 

Tonrnm,  But  Riding     ....  Y. 

„             North  Biding   ..      ..  Y. 


NAME. 

U.  J.  Marten. 
P.  Dodd. 
3.  T.  BcesM;. 
W.  UaoBon. 
0.  H.LaTtoB. 
J.CBou. 
J.  WiUmot. 
H.  J.  FlemiDR. 
W.  E.  L.  Duffin. 

F.  B.  Yate». 

D.  Waterhooae. 

H.  0.  Poole. 

a.  Walker. 

C.  R.  W.  Chapman. 

A.  D,  Ore«torex. 
N.  P.  Dennft. 

J.  lUrehall. 
J.  V.  Biadley. 
H.  NetaetDo. 
W.  B.  Morgan. 
M.  eowdoD. 

B.  B.  Btinn. 
J.  PkDHing. 
J.  B.  Bindalr. 
T.  R  Fellowt. 
O.  C.  Bcbaoit. 
J.  F.  D«fid«». 

A.  B.  Cartwright 

G.  H.  Cooper. 
W.  T.  Andenon. 
O.  B.  Carter. 

C.  E.  Hinea. 

B.  A.  BtieUukd. 
J.  H.S<wtt. 

A.  H.  Plowright. 

C.  W.  HukB. 
O.  Green. 

J.  W.  Harruon. 
0.  J.  Qnn;oii. 
W.  Farrliwton. 
T.  Caiuk. 
J.  H.  Oarrett. 
F.  B.  Whittel]. 
F.  Robert*. 
O.  B.  Beaumont 
J.  P.  Brani. 


A.  Cre«r. 
A.  BeanmoDt 
W.  Q.  Bryning. 


:v  Google 


ASSOCUTES. 


*  Thme  Auoeiatei  agaititt  mAom  nowof  a  dar  U  plao 

}M<M  iHAiititd  tka  oerUfiaala  of  the  AuoetoNon. 
a  ttgnifia  tUet»i  a»  Qrainate. 
tA.  trmtfarrtd  to  AitooMe  doM. 


1&01  OoL  19    AbobbBiW. Diviaioiul  SnrTejor.HiddleMZ 

C.C.    BrUntde,  Hanwell,  W. 

IftMSepLlT  Bill,  C.  D^  B.80.  (Fi^-)  -  Bonmgh  Engineer'a  Offlot, 
Burow-iD'FiuTieM. 

1902  Jul  20  •Bill,  L.  IH^  U.  Inat  C.E.  ..    Hnntoip^  EngiiiMr,  Fwung, 

B.S. 
01S97  Jol?  sn*BDtTLBy,  J.  H^  A.1Lhat    Chief   EngfneerlDg  AMittant, 
TA1901  OoL   19|      O.E.  Town  HiOl,  Oldhuu. 

TA1908  Jnii»22/  O^j^  L^  j^^^ 

-^iS^  ?iS'*?SI'B«»r.H.8taT       A«d«t«it    Bnglneer,     OonnoU 

tSnTH'^"^'-       ••     ••     ■•     •■  ^^^r-'^^-Otlio.^ 

190S  Jftn.  17  'Booth,  K  W.       EDglDeenng   Auutont,  Town 

j°J^  5™  ^I'BRAMHiw,  A.  a IWjBoroiigh'EiigiiM»r,B8d- 

TSirMi'^^"""-'-'-       ""T^^^'     """^ 

1903  July  23  •Bbomlt,  A.,  AM.  luiL  aE.      Awrtant  EngiDSei.Town  Hall, 

Croydon. 

1902  Jan.  29    Bbooku,  A.  B Aidatant     Oonnty     Snrreyor. 

WoNMtor     CO.      Bnedon 
CroM,  King'B   Norloo,   Blr- 

1902  Jan.  36    Bbowh,  H.  A AwiftHit    BoronKh    SnmTor, 

Town  Hall,  Fnlham,  B.W. 

1901  Ha;  28  •Bdbtoh,  W.  E.  H.  ..  ..  Cfalef  Engineering  AMirtant, 
County  Anhiteofi  Office, 
Wakefield. 

190*  Sept.    1     CuMx.W.H.      CI9  Ennneer'i    Offlw,    Olaa- 

gow,  N.B. 

1901  Maj  28    Cabtib,  E.  W.  A. AMiatont  City  BuTTeyor,  Onild- 

hall,  Qlouoeater. 

*!iSS^i"l'C*TOHR».«,H.      Chief      Aniitant      Ebgineet. 

il^  S^  1,(  Conndl  01Bo«,  Fin^. 

.S^foK^  *■=•"■ ^iL^^*"""'    ^-   •"■• 

-?1^^TtI'Oi^"ooi-«.A-H,  A-M-Inrt.    Dirtnot   Sorvoyoi:,  63    Queen 

_it»  Google 
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IMcsTDmUob 

«1^  j;Sri}'<''«-»™»'''P'^-^CJL  D|2^^tyJE»gli«er.  Town 

1905  Hmy  27    OoLLm,  H Deputy  City  EiiKiiwn,Norwk>b. 

xl'mi  0^  1^)*C<«^A..^««.  A.  0.        ..     m,^ee^^J^t,  Cou«al 

1&(H  Oct  11  Co]n(OB,C o/o  W,  Eennedy,  Lid.,  25  Vic- 
toria StrMt,  WMtmiDStar. 

1903  May  16    CooxB,  J.  E. Auutant    Boroogb    Engineer, 

Town  Hall.  lalingtm. 

SSIS*'^"-^  ^^KsJ^r^t/^ 

■rSoSfw}'*^^L a^^ejor*.   Oflke.   M^- 

1005  Kar.    1  'Cox,  C.  L.      AadJtant  Sonayor,  UrtMn  Dit- 

trict  Coimcil,  Qoaport 

1909  Ju).  25    Cbook,  W.  E Chief    Engineering    Aadshnt, 

Middlews   0.0.      OnildhaU, 


1901  Oct    19  •<^OZHiBts  C.  H. Chief    Engineering    AaditMit, 

Town  HaU,  Woc^  Gieen,  N. 

Til9M  »y  P}*"™™''  ^-  ^■"- 1"**-  0^      Borongh  Bnglneer'*  Offloa,  Bii- 

ISM  Anft.  IB    Db  Sbkhsb,  H.  K.      ..      ..     Dbtrict     Engineer,    P.  W.  D., 
Colombo,  Ceylon. 
tIiwI^  ^}-DiOHimo»,  a.  J. ComicaHonw.  Birmingham. 

1904  ADg.  12    DoMALp,  B.  R,  A.M.Init&E.    c/oBofoaghEnglnMr^ndden- 
fleld. 
,;l^J=S)->™.'^H. A^;«j,    B™,h   K.^„». 


4iE  r^™-"' °«B,s:s!f  "*»"■ 

t1iM2  Jtt  a}'^*"**"-  ^-  ■*-       Bnrroyor.EnralDiftrietOonncil, 

Eeynaham,  BrirtoL 


I9M  Aiig.27    FoKBca,W Bni^h  Engineeii's  Offlce,E<Hn- 

r'X,^^]-''^'^^  ''fH.rffii.  "^KS; 

worth.  215HighBd.,Balbani. 
FOWLM,  W.,  A.H.  IbiL  CE.      Chief  AMiitant,  Borongh  Eu- 
gineei'B  Office,  Kalghley. 
^}.f^jS'-^]''rQL,S.F.h.,J^.M.lBMt.C£.    Dwnty     Borongh     Engiiiew, 
^^       '  llewport,  Hon. 


<9imi  JwtaS  1 
»I901  Oct  I9j 


[«wport,  Hon. 

» Google 
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DaUofElHttoil 

udTraMfn. 

TAlBOa  Jan.  25/  TownH«Jl,H«£B«B>mittW. 

1903  Har.  21    Galbuitb,  A.  B..  A.U.but    Dirtrtct  Smreyor,  Town  Hall, 

C.EX  PortatnoaUi. 

1905  JimB22  •Oamnisk.KJ BoToagh      Snrvfljor'i      Offloa, 

DniUe?. 
"^,!E  ^j*"'   }S}'Ooi>wm.C.H.,A.MiiaLC.B.    Auiitaut  Eagineer,  Monioqial 
TA1903  Jan.  17)  Offlce«.  Shanghai. 

190S  Jnno  22  *GooDl,  W.  J DivUiofial  Kurreyor,  Sbiieball. 

Bhiewsbnrj. 

-.iSno  T  ^;  inrOowwN.  J.,  A.M-  Inrt.  aK.       AMutant      Bnreh      Surreyoi, 
Ti.1902  July  10/  Abwdwn,  N.B. 

1003  Jnly  25    Out,  A.  B. E^aeering  Awiatant,  Counoil 

Honae,  Binningham. 

.,?i^  ^'  !S|*Gamtwooi>,J.  P.,AJ*.Inrt.    Dapnty      Borough      Sarrojer, 
Til901  Oct.   1»J       y  J,  f^j^  jj^  Bnraloj. 

1904  Ang.  9      Gbuo,  J.  H.  U.    7  Hartington  Plaoa,  CarlUe. 


1902  Mar.  22    Hadfibld,  W.  J Depntr  Citj  BnrTeyor,  Town 

^Tom  I       iQi  a»l!,  Sheffield. 

1903  June  6      Habddio,  H.  W Chief   Engineering   AaaiBtaot^ 

aiOM  Oni   -in  CityEnginoer'aOffloe.BrwtoL 

TSSSiSl-H"^^ "^  lETV^ES 

1903  June  a      Hup,  H.,  A.  H.  lost  C.E.   ..     16  Manor  AvaiiDe,  Grlmeb;. 

xllSi'S.Sh""-''^ ■^e'St.'"""*  "'"''"• 

1901  Aug.  26    HmWBSOH,  B.T Oit;    Engineer*!    Office,    Citjr 

Chamben,  QIaigow,  N.B, 

TS'^y\o}'»^'«™^'^» ^*ffia,aS^''"'      ^'"^' 

1909  Jau.  28    Hipwood.  J.  W.,  A.  M.  IncL    Chief  Aamatant,   Borongb   Ed- 
C.E.  eJneei'a  Offloe,  BoatbNid.on- 

,-^1™  i"^' ^I'HoLLOwar.  W.  C Chief   Engineering   AHlrtaat, 

TilBOa  Mai.  !W(  OonndlOHo*,  KBtteriiw. 

lOOS  F«b.  22    HinrOM,   J.   W.,    A.M.Inat  Conn^  Surreyoi'i  Office,  Hat- 

C.E.  field,  Herta. 

.SKI'}"'"™**-'' "^iSS."' '^  "^ 

,S3ra-'"™»."-»- "ttHSraLa— 


.SSiiES  !»}••'"-■''■<• ■'tSSL,?™*''  ^*^' 


D„„.db,Google 


ASBOOIATES. 


1MI2  Ha7  10    Kib,   A.H^  B.  So.  (Fict.).    Auittukt 

A.M.  lut.  CE.  Towa  HkU,  Warrmrtiin. 

19M  Feb.  27    EnST,  H.  C Sewen)^  Unsineer,  Bloemfon- 

tain,  Booth  AfricL 


1901  Dm.  7      Lauwmk,  K  W.,  Anoo,  IC.    Dutriot    Bnrreyor,   Aim*  Vale 
lost  CE.  BomI,  CUrtoB,  BrMol. 

TAiem  ^L   19}*^''™^  ^'  ^  AJIJiut.O.B.    AMdrtMtt  EogiiMBi,  Town  Hall. 


1904  Bepl.  6      Uaxne.  D Oftjr    Enpnaa'a    Office,  GIm- 

BOW,  N.B. 

1905  Not.  S      HoKetob,  L.  B^  A.MJjuLG.E.  Dlitrlot    Siuveyor,    63    Qneeii 

Sqnare,  Briittol. 
IStKj  Har.  21    Maithdig,  W.  B.,  A.H.Intt.    Aiwi^tant    Bonmgb    tJurreTor, 

CE.  Town  Hnll,  Chelwa. 

1904  Aa|{-4      H4SK,G.  E. Dutrict  Offices,  Homilhin,  N.B. 

1003  Ju.   17    Maboatu   L.   F.,  H.  IdbL    Ndithem  Ontfall  Worki,  Beok- 

aE.  ton,  E. 

-"i2S?  n'"'  t'VM'»JJ«b.O-P Chief  AeiiBUnt,  B«xHigh  Engi- 

**iWl  uec.   I  I  jjpg^g  yjjgg^  HMtingi 

-?!S?  a!?'  IIVMitohbu,  G Tofmj  Storepe  Roeerroir.Kilco 

TA190I  Oet   19J  Poet  Office. Co.  Down,  Ireland. 

1904  Sept.  19    HoBBUON,  A.  W. Bnrgh  Eugiueer'e  Offloe,  Edia- 

burgh,  N.B. 

alOOl  Aug.  24\,„_,__   ,  Chief     AuUtaut.      Eagioeer'a 

TA1802  Not.  8  /  ""*^"'  *• DepartmoDt.     Town      Hril, 

WBlthanutan. 


1902  JaD.  25    OAKBa,U.H. ..      Auutant    Horoogh    Engineer, 

Town  Hall,  Bridlington. 

1004  Aug.  17    OuTn,J.R Bnrgb  Engioeer's  Department, 

Bdinbnrgh,  N.B. 

-?i2J2  ^' ^l*P*»».  J- E Chief     AMWtoot,     Engiueer-i 

1A1904  Oct  29/  Ofl,^  Hftndsworth.  Hrming- 

1901  BepLS      PATSB0OH,  J.  B. Depn^  Burgh  Hntreyor,  Par* 

TSoS.io}''"'-™^''- ^S^^b'^'"'^'"'" 

1902  Mai.  22    PKILUre,  Q.   A^  A.M.  Inat     Depot? '     Connt;      SarTBror, 

CE.  QUmoTgan.      Town       dall, 

Bridgend. 

TAI^  jSlle  is}'^^'*"'  ^■'  ^-  "■  ^°^  ^-^^       BowKigh     EDgioeei'e     Offloe, 
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DuioriOcaioii 

aod  TmuAr. 

1903  Deo.  12  *Bice,A Chief  AuiitaDt,  Burough   En- 

{nneer'fl    OlOoe,    BBrrow4n- 

1902  Hh.  22  Eunou,  TV.,  A.M.  InitaB.  Chief  AMlatuit  Bnrvejror,  Woi^ 
ouster.  Hldhnnt,B>thBosd, 
Wtueeater. 

1801AI1K.81     Reid,  M Bnreh  EngiuMrB  Office,  FaiB- 

lev,  N,B. 

1901  Aug.  5      BoBKBnOK,  A.      15  Whitehead  Street,  Pftliler, 

N.b. 

1904  Sept  22    B(»BKrBOii,  B Olaieov  Hsln  Dninage  WoAi, 

PartiofcN.B. 
TA19M  S™  ^l'^"*'*""'  ^  AMlDit.O.E.  Council  Botm,  Binningham. 

1902  Not.  6     Bovmtiom,  J Ohiet  Anirtuit,  Botongh  Sniv 

Tefor'a  Office,  Asbton-imder' 


1908  Jane  6      BADi.m,F.      Depntj      BiuTeyor,       Comudl 

OfflcM,  Aotm. 

190S  JnneSfl  *8AtinnBa,E.T. Awistant   Borough    EngiiiMr, 

Lowettoft 
T41W2  H^y  ?2}'BATio«.E.B.,A.M.Iiirt.0.K.    Enffineerlii);  AMiirtaat,  ComwU 
*       '  Home,  BiimiDiifhain. 

1902  Not.  8    *SuaKunaf,  W^  AM.  Init.    Chief  AMistant,  Bcnoagh  En- 

C.K  Kiseei'B  OfBoe,  Haaley. 

1903  Ha;  27    eHEBBiN,  A.  0.,  A.M.  Inst.    Chiaf  AMirtimt,  Borongh  En- 

C.E.  gineer'a  Offloe,  DoTer. 

Jt\^f  n^  Jo|*8l*tib,  p.  J.        AMlriant  8nr»eyor,  Town  Hall, 

TA180I  Oct   19/  OMnbenreU,  S.E. 

1901  Hay  28  'SMnB,  C.  P. Chief   AMistant,    Town.  Hall, 

Onenwioh. 

1901  Deo.  7      Snmii,  F.  W Chief  Aaitftuit,Citj£^uritieer's 

Offloe,  Tork. 

1901  Ma;  26    Efdbbkll,  E.  F Borough  Burreyor,  Holboni. 

TilMl  O^'  j9}*&rlH.i.W,J.,A.M.Iiirt.aE.    Deputy  CSty  Engineer.  BriitoL 
1901  ADg.22    BTiTBn,T.U Diitrict  OfHcea,  Hamilton,  N3. 

n-^.i^  n^if  Ht'Srxmn,  H.  L.,  AJl.  LuL    Chief     Ajtiatwt     Engineer, 
TiiWl  reD.  2/J       (jj^  Connoil  Offlrai,  Watford. 

1901  Apr.  SO    8tobet,G.  E.        guTTeyoi,     Weltem     Dlitriot, 

Town  Hall,  Bheffleld. 

1903  Mar,  21     SuTOLim,H Depnty     Borongh      Bntrineel 

Toini  Hall,  Hnddenfleld. 
ISOfi  Sep.  28    SwABBBicK,G Deooty     Borough     Btureyor, 


Til9M  Dw'  B^}"^*"''  *•  ^ Coundl  Offloea,  Nim»lon. 
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TAlM  sSd^m}'^^^*"'^''  J-  ^ Deputy BorongliSnrTBjor.EMt- 

IBM  Jons  29  *TBOi(noK,  W^  A.M.InitCJL    Dspnty      Bonnigh      Engineer, 
Bniton-oo-Trant, 

190S  Jan.  28     WALcaAii.B.E AuUtant    Borough   EngineaT, 

Town  Hall,  Woolwich. 

wWM  DeJ  l^i'WiLmw,  J.  8.        Borough      EagJnBer-a      Offloe, 

'  Torcjnay. 

1900  Sep.  23    WiBD,A.'W.,AJII.Iiiat.C.B.    AMiBtaat    Boroagh    Engiooar, 
Nortbampton. 

1903  Jul;  2S  "IT^ATMont,  Jab.      Airiitant     Samijor,     Coonoil 

Offloes,  Aldenhot 

/Aft^  i^  9SI*V»B>  '■  ^  A.M.  InaL  OE.       Chief  Auiatant,  Boroagh  Biu- 
Ti»l02  Har.  22/  ^^^^.^  0^^  HaUfa£ 

el902  Jtdj  10\*Wbitaub,  G).  H.,  A.H.Iiut     Chief  AMutnnt,  Boroagh  Eb- 
-'""■  '—   28/      C.E  gineer'*  Offloe,  Snodeiland. 


TilWG  Jan.  28/      C.K  gineer'*  Offloe,  Snndeil 

,~w.    u .n       TO nr     -r.      .        .     «#    i.  _.        -r. ^         BorOUgh         En(. 

Q  Hall,  Chflltanham. 


1»03  Hajr  16    White,  W.  H.  J.,  A.  H.  IiuL    Depntj'      Borough      Engineer, 
Town  Hall,  Chelta  ' 


1W2  Hu.  !2    WiLUAKS,  H.  B Chief  Anietsnt,  Bofoi^h  £■- 

giueeTB  Offiee,  Workiiigton. 

1902  Jnly  ID    Willuxs,  J Aiautaut    Borongh    Bnrveror, 

oiaos  i-.^mii  Town  Hall,  HaBiprtoad,H.W. 

T.iSi  iSr  V  rWniiB,  E.,  Aaeoo.  M.  Inrt.  Chief   Engineering   Asrirtant, 

lilWl  l»«.  /  J       Q  B  Councril     Offloea,    Wllleriw, 
N.W. 

1903  June  6      Wiuov,  A.,  B:  8a.   iLauL'),  Bunitar;  Coraintmioner'i  Offloe, 

Anoc  M.  Init.  C.E.  OibnJtar. 

.!1S?  rI!I^"?°Wil.io».FT  A.M.  ImLGE.  Diitrlot    BnrToyor,   68    Queen 

W1901  Deo.  7  j  ^,um,  Brirtol. 

,tlSl  ^*'i(it»TfABWO0i>,H. AMirtant    Boroagh    SnrreyOT, 

SiS^i   i^=  a  1  Town  Hall,  Boohdale. 

*|^  J.^g*  |j  j'TitLiKi,  T. AMiitant   Borongh   Engineer, 
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1693  Oot  2      Ball,  J.  D.,  H.  Init.  O.B.  ..    EnKlnaer's  Office,  L.U.  &  E.C. 

B«Ulrar.  Chertivfleld. 
1901  Aug.  21    Babub,  H.  W Barre^or  to  the  Urban  DUbriot 

ConiKdl,  Walmm. 
1906  jDDe22    Babkbr,  H.  W.      Coanoil     Hoiue,    fUodswortli, 


I8dO  Vat.  29    BATLn,  U.  H.,  A.UJQBtO.B.     19  Cooper  Street,  Mknohertar. 
1897  JdIj  31    Beabd,  E.  T.,  M.  Iiut.  O.E. ..     4  The  Ciefoent.  Bcuborongh. 

1902  Mar.  22    BHBBiHOTUir,  E.  B.  W 2S  Viotorla  Street,  WeitmiDatar, 

'  B.W. 

1903  Dec.  12    Bnnt,  W.  J.  £ Hanicipsl  Offloes,  HMtogate. 

1900  Jqm  16    BLAKiWAV-PaiLLm,  B.      ..     Ci^    ItHiginwr'i   Offlce,  West' 

ndiuteT,  S.W. 

I901AIIK.  21    BuHOHATU),  B.      Town  H&ll,  Leiceflter. 

1889  June  8      Bltiabd, J.E.,A.HJiutO.I!.     UundawneHoiwe^athMnpfaMi. 
190S  Jbq.  28    Bbadlet.  C.  O Borough     BugjoeeT's     Offloe, 

BaROW-in-Fameaa. 
1892  Oot   16    Bbamhaw,  J.  B.,  AJf.  lut    B.E.  Offloe,  14  Elliott  Stnet, 

O.E.  LlTBTpOol. 

1896  June 2.'i    fiBcaz,W.. Burgh       Engfiiieer'a        Offloe, 

BdinbuTgfa. 

1889  Jul;  4      BBYAm,  J.  0_  AMOcH-Init  Beotiuoal    Enrineer,    Faleimo 
C.E.  Button,  P.C.P.^n8no»>jre«. 

1905  May  27    Bull,  E.  H. Connoil  Offioei,  Finohley,  N. 

1899  Jdtw  29    BcBans,  B.  W Town  Hall.  StratfoH,  E. 

1903  JddbG      Butler,  H,  L Burray    Hooie,    Sumy    Lane, 

Battenea. 

1905  JnDe22    Butlbb,  E "  Woodthorpe,"  Protpoot  Eoad, 

Tunbildge  WelU. 

1904  Jane  25    Bim,  B.  E.  W Counril  Officse,  Birmingham. 

1902  July  10    Button,  F.B Oity    Butreyor'B    Offloe,   Mati- 

1902  Feb.  22    Caw,  £.       Town  Hall.  Port  Blisabeth.  8. 

Atrial. 

1908  Dso.  12    Oartbr,  B.  F.  B Town  Hall,  Hoiuuloir. 

lS97Jiinel9    CUbujcook,  J.  B. Awiitaat     Surreyor,     Diitriot 

Coanoil  Offloet,  Bnmea,  B.W. 
1904  Hay  28    Caotlin,  O Borcnwh  Snrreyor'a  OOoe,  197 

High  Holbom,  W.C. 

1904  Deo.  »      Cl-ABKe.  B.  E Public  Offloei,  Arnold,  Notts. 

1891  Jnly  7      Clmoo,  H..  A.H.Inat  C.E.  ..     BarreyoT  to  the  Urban  Dirtrict 

Council,  Felixitoire. 
1908  Deo.  12    Co(mbake,J 15  Ute  Plaoe,  HontHwa  Stnet, 

1904  May  28  Cowuihav,  H.  H.  ..  ..  3  Beaoon  Clon  Tenooe,  Canler- 
bury  Btreet,  New  Brofnptan, 
Kent. 

1904Jaa.  23    Cox.  C.  E Windm[llHU1,Cndley.Ciadley 

HeAth. 

1697  Jane  19    CusnLL,  W.  T 11  Viotoiia  Stnet,  S.W. 

1901  Deo.  8      C100K.F 4S  Enowdey  Boad,  Boltoo. 
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thtoiTKltctkiii. 
1882  Jnl;  11     Cboh,  F.  W^  A^.  Iiut  C.E.    45  Bndfbid  Bttirat,  WaImIL 

1905  June  22    Oboss,  W.  0 2S  Arnndel   Boad,   Tanbridn 

W«lb. 

1903  Jooe  6      CnBTTT,  H.  W Coaaty  Hall,  Spring  GardeDB. 

B.W. 

1905  Ju.  2B    Daiwt.  a.  E. 1D4  Biihton  Une,  Bolhn. 

1901  Jane  8      Datidoi,  W.  B.     LcmdaD  ComitT  Council  Uffioea, 

19  CbarlDK  Ciou  Ruad,  W.a 

1902  Jolj  ID    Dawkdh,  F Borongti      Burrejor'a      Offioa, 

BnDmeniollth. 

1902  Jnly  10    Dulkt,  O.  P Uooihall,  Ambletmta,  Biieile; 

Hill,  Staib. 
1898  June  30    Dnrr,  J.  P 1  Wnoddde    Terraoe,    Nelaon, 

LuMMhire. 
19M  Uajr  28    Dbatir,  J.      Cootioil    Houie,    Haadsworth, 

Birmingham. 

1903  Oot    IT     Ddniuh,  L.  0 10  Hu&oTer  BaildiDgB.  Soutb- 

1898  D(A  17    EwEX,  E.  H.,  A.M.  Inat  CE.     Towu  Hall,  Leyton,  N.E. 

1909  lUj  27  Fabub,  W Town  Hall.  Todmorden. 

18S6  8«pt  11  Fbhton,  V.  0 U  Bt.  Jamei'  Bow,  Bheffleld. 

1891  Jane  25  Fiboh,  A.  B^  A  JL  Inat  O.E.  Town  Halt,  Kendn^n,  W. 

1900  Jane  16  FmiaK.  B.      37IiiiiianBoad.HarlMden,N.W. 

1903  JdIj  25  FoK>,  J Loirei  HooM.Braiiicombe.Ax- 

1903  Feb.  21     Fo8TU,J.  W Town  Hall,  Brad  furd. 

1903  June  6      FoMBK,  W.  A Park  View,  HancliMter  Boad, 

Acoriiigton. 

1903Jim6  2n    OnriHSB,  S.  S Town  Ball,  Wcat  Bromwioh. 

1899  Jane  10    Odsov,  W.  S.       "  Evsritta,"     PinoUej     Lone, 

N.W. 
1SS8  Joly  12    Olah,  8.  N.,  AJI.  Lut  O.E.      16  Bavenacroft  Boad.  Chiowick. 

1805  Jan,  28    Goddabd.  F.  B 87  Cinda  Road.  Wandaworth. 

1905Jaiie22    ObbbnhiUh  F.  O "  MoorhHTen,"  Headstone  Road, 

1898  Jan.   15    Gbimlit,  F.  0 Depdl  BarraolcB,  Harwioh. 

1904  Dec.  3      Obote,  A Cairiatine   Villa,  Clark   Street, 

Stourbridge. 

1905  June  22    Qosbon,  E..  A.M.  Inst.  O.E.      c/o  Oriudlaj  t  Co.,  Calontta. 

1905Jnne22    Hasfibld.  J.  B. Borough  Bur  ve^r'a  Office.  Bed - 

1901  JaD.   28    HABUIW8,  J 20  Duke  l^treet  Edinburgh. 

1901  June  27    Hablow.  W.  W.  B.       ..      ..     City  Ungineer's  Qffloe.  OorlUle. 
1901  Junes      Habbu,  E.  J.  B. Vestry  Hall,  PiosdUly. 

1903  June  25    Habbiboh,  P.  T Town  Hall,  Pnlham. 

1905  Got.  28    HAnAi.L,J Borough      Engiueer'a      Offloe, 

Wortliing. 

1904  Uay  28    Hatton.J 1  Hill  Cliff,  Bniton.Derbyahire. 

1893  Jan.  14    Hellawsll,  O Town  Hall,  Withington,  Han- 

1903  Ool.  17     Hiu.,B.F Town  Hall,  Uford. 

lS9ej[iiM2S    HiLU,0.0 360  Mare  Street,Haokney,  N.E. 

1900JnMl6    HmaoK,  E 117     GaUand      Road,     Hills- 

boroDgh,  Bheffleld. 
18SS  July  12    HocOHTvir,  J King's  Heath,  B'     ' 
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1901  Oct.  29  HowBLL,  H.  H.     68  Queen  Bqaan,  BrUtol.     - 

190S  Jao.  17  H<nrau4.D.  P.     16  Il«wmlk,  NmOi,  B.  Wk]«B. 

ISeaJnnelO  HmvuBOi.W.A Town  Hall,  blingtoD,  N. 

19M  Dm.  8  HdTOBiMcn),  H.  F 2  Qoeea'i  Boad,  Ohorle;. 

190)1  Dm.  12    JiogDHiH.  S Hnnidpal  OlBca,  ClieltMiluiii. 

1905  Jan.  S8    J>Kiniroa,W. Borongli      BLgineer'a      Offioa, 

1903  Jul;  25    J(»cn,T 53  PtIiimb  StiMt,  Soothport. 

BS9S  OeL   19    Jdliam,  J Borough      SnrTeirar'B      Offlc«, 

Cambridge. 

1896  June  25    Kinn,  W.  H.  G.,  A.H.IiwL  CUjr  Englneei'i  Offloe,  Briitol. 

C.B. 

1903  June  25    Exioht,  R.B ConiKdl  OfDoea,  Btomley,  Eent. 

19U3  Jane  S5    EMonn,  O.  P^  AM.  Inct  Eneineer'B  Dapattmant,  L.O.C., 

CJK  Spring  Oudana,  S.W. 

1903  June  20    Lbm.  H.  B P.V.D.  Colcmbo,  Cejlon. 

1901Jiine2ff    Lb«u,H.U. Town  Hall, KtainM. 

leOl  Deo.  3      Lui,E.W. L.C.C,  19  Chariag  Croaa  Bead, 

8.W. 
1909  Sep.  !S    Lyumw,  A.  J Borough     Engineer's     Offloe, 

Town  Hall.  Beading. 

I90ff  Ma7  27    HoAbd,  A.  J Edge  Hill,  Whitehaven. 

1900  Dee.  10    HAoDo^(AU^  E.  Q.      ..     ..     18  Obarlet  Street,  Ht.  Jamte**, 

8.W. 
1909  Mar  27    VUmMm.Vf.B. 91  Cable  Bead,  HoyUke,  Chea- 

190S  June  25    Itiinf ,  E.  E Boio^      Eagineer'i      Offloe, 

SDuthampbttL 

19M  M«7  28    Masmuls,F.       1    CasUe    Oreen    Villaa,    Mill 

Street,  Hereford. 

1903  Jan.  17  Marbun,  H.  G,  Aaoe.  H.  CitT  Snrrerot'a  OfBoe,  Maa> 
iDlt  O.E.  oheater. 

1894  Jan.  18    HABTnr,  E.  B.,  AJUnitCE.    City  Engineet's  Offloe,  Leeda. 

1903  Jan.   IT    Mirfebb,  W.  H. Glancaim,  ArtlinrBoadiBoDth- 

Hmpton. 
1905  Jan.  28    Mathkw.H.B.     Borongh      Bogineer'a      Office, 

190G  Hay  27    Mitthew,  8 Booth  Villa,  Crow  Neit  I^k, 

Dewabnr;. 
l»00Jnnel6    Hi'mNM»,H.,A.H.&utaE.   55  Piccadilly,  Hancheeter. 

1904  Hay  28    HmLAR,  P.     Borough     Engineei'B     Offloe, 

SonthamptoD. 

1901  OeL   19    Hiuna,B.      Town  Hall,  Bidtenhead. 

1905  Hay  37    Hiiii>Bb,B City  Bngineer'a   Office,    Wor- 

1909  Jone  22    Hoboah,  G,  L.      "Ardwrn,"  ThePatade.Ponty- 

1899  JnnelO    H{Mi,P.A. 121  Highbury  Hill,  Highboiy, 

1902  Jan.  29    Mom,W.       30    Hale    I«De,    Failsworth, 

Huoheetar. 

1902  Joly  10  NATEjuniLra,  A.  H„  Aaaoe.  P.W.D.,  Bungalow,  Wegambo, 
M.  loiL  O-B.  Ceylon. 
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Du*  ol  EkcttoB, 

19U  Dm.  3      NiKDHiK,  J.  B.      Hunietpol    BngiDeer'B    OfSoa, 

Btumghai. 

1901  May  28    Nioholu,  B BorooKh      Engiiiear'B      Office, 

BoatWmpton, 
1896  June  25    Niohtikoali,  0>  P>      ..      ..     "  EDdellion,"  BDohanui  Bood, 
WalHlL 

1909  Sep.  23    NtOBT,  J.'     "  Hif^]itta,"   Falwloh    Bokd, 

Dutfind. 

190S  Jan.  28    OWBK,  J Borongb  Engtneer'BOffloe.Cal- 

1901  ADg.  U    OXBUBT,  F.  W.     82  Eut  Honiit  Boad,  Toik. 

1899  Oot.   21     PALinB.6.  F Ill   Ylotoru   Boad,    Charltoo, 

BE. 

1901  Feb.  6      Palhb,  W.  L.  F. (Mj  Eugiaeer'i  Office,  Bristol. 

1904  Mar  28    Pabkeb,J 9    Winohestei     Boad,     Ilford, 

Eaeex. 

1901  June  25    PuBKiv,  T.  Q.      Town  Hall,  Banow-in-FnnieH. 

1S96  Feb.  22    PmiM«,T.  L.,  A.H.  InitO.B.    P.  W.  D.,  Hong  Kaag. 

1903  Feb.  21  Pseibvit,  E.  8 6  BUUton  Hood,  Bedfand.  Bris- 
tol. 

1903  Dee.  12     Punr.W.  0 Town  HkU,  Barrow-in-Fiunew. 

1901  Aug.  24    PiCKiH,  W.  H.       L.O.C  Worki  Department,  Bel- 

vedsre  Bead,  I^mbeth,  S.E. 
1901  Uaj  28    PmcT.H.  A.       41a  Burnbiu;  Bowl,  Balham, 

8.W. 
18S8  Sept  19    PaiTOBASD,  T^  Itlnet.  C.E.       264  Oteaham  House,  Old  Broad 

Btimt,  E.C. 

1898  June  SO    QuioE,  A.  H~  Amoo.  U.  loat.    IS  Femholme  Boad,  NewlandL 

C.B.  8.B. 

1904  Dec  3      Quibk,  J.  J 2   BL    Ivea    Mount,   Annie;, 

Leeds. 

1900  Deo.  IS    BAwaraOK,  C.  0 Bnrreroi'*  Offloe.BoralDiitriet 

Oonnoll,  Ucbfleld,  Stafi. 

1901  JnaeS      Bias,  F..  AmocM.  Inst.  O.E.    PnblioOffloea,  PeDtn>,BbonddA, 

Olam. 

1902  Not.  8      BanroBD,  W.  T Town  Hall,  Eeoles,  Laue*. 

1899  Mar.  29    Biokabm,  B.  P.    ..     ,.     ..     Ennneer's     OBoe,     Derwent 

Valler  Water  Board,  Bamfbrd, 
fia  Sheffield. 
1904  May  28    Beokmond.  W.  8 Unuioipal  Office*,  Higb^te.N. 

1901  Aug.  24    Bilst.J.       Drainage     Engineer**     Offloe, 

Oape  Town,  S.A. 

1900  Feb,  10    BoM,D BmimenTn    near   Aberkenfig, 

Qlam.,  South  Wales. 
1900  Jam  16    lhK[«U.L,A.  J.,A.M.lDft.C.E.    Borongb      Engineer'^      Offloe, 
Worthing,  Snttei. 

igOSJnneSZ    SAflAB.J.  H. Oonncil    Offloea,   High    Street, 

Poplar. 
1904  Ma;  28    Sohluhd,  W.  T.  8 04  Maooma  TUla*,  Plumatead 

Common. 

1902  Jnl;  10    Bhobbsd,  G.  Q. Town  Hall,  Ilford. 

1899  JtmeU    Stuu.F.       Town  Hall, 8h«ffleld. 
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1905  May  21 
1905  Oct.   28    Slater,   E.    A.,   A.H.  Inst.    201  Ualden  Bo«d.  Colohe»teF. 


1905  Mkv  27    8iH0iis,F.  P.        City  EDgineer'B  OfBoe,  Ncrwich. 


1698  Jan.  IS    Siutb,  G.  H. 1  WorceiteT  Road,  Wimbledon, 

8.W. 

1905  Uar.  1      Snafb,  A.  E 46  Wood  Btieet,  Woolwioh. 

1698  June  3D    SraK,  J Ci^    Bnxveyor'a   OfBoo,   Hui- 

1  «30  Jano  29    Stanton,  F.  W.  8.,  A  Jf .  Inrt.  o/o  Me«an.  J.  HaiiMigh  A  Sona, 

O.E.  9  Tiolorl*  BliMt,  B.W. 

1901  June  2S     Btxpsehsos.W.  E.,  AJU.lnvL  City  Engineer's  Offloe,  Lead*. 
C.E. 

1901  Mb;  28    SuTHnLAnn,  D.  B.       ..     ..  Hebe  CottAge,  Thrmie  Straet, 

Wert  Bromwioh. 

IseSJnDeBO    BtnooH,  W.  F.       Water Deputii]eDt,BtMdBtreet, 

BinninKhajn. 

1900  Dec.  15    Tatlob,  H.  T 3  North    Terrace,   Qt   Meoli, 

Hoylake.  Cheahiie. 

1902  Jul;  10    Tatlob,  8 Town  Hall,  Hraobeata. 

1901  June  25    Thobp,  W.  O.        Bnrreror  to  the  Urban  Dislriat 

CooDOi),  HalTern. 

1902  JolT  10    ToKLiNKiN,  J.  W.,  AM.  Lut.    St.  Hair's  Hall,  CoTentn. 

C.E. 

1905  Sep.  23    Totras,  J.A 125   Nottingham   Boad,  Mmu- 

fieVi. 
ISOOJnnelS    Townbr,H.T P.W.D.,Malaocia,Straili  Settle> 

1900  Jniw  16    Tbbmellimo,    E.,  Amoq.  H.     Borongli      Engineor'a      Offloa, 

Inst  O.E.  Newport,  Hon. 

1903  Jan.   17    THzaBDEB,  F.  H The  Nnreeriei,  CardiK 

1901  y\aj  28    TcLLET,  G.  W 95  ISlateford  Boad,  Edinbnrgh. 


1901  Haj  28    YABn,  J.  A WeBthill  Honee,  Cbapel  AHer- 

ton,  Leeda. 
1905  Ua,7  27    Vehhoh,  A Tnwn  Hall,  Upper  Sireet,  !•- 

lington. 


1902  Not.  e      Wale>b,A.  H 128    Prinoe   of    Walet    Boad, 

London,  N.W. 
1688  Jan.  11    Wa&d,F.I).,  A.M. Inst  O.B.    38  High  Sti«et,  WelihpooL 

1897  June  19    Wibb,  F Town  Hall,  Gbelwa. 

18»8  Jan.   IS     Wnxa,  F.  B.,  AaKw.  H.  Inat    a/o  The  Great  Sontheni  Ball- 
C.E.  way  Co.,  BneiUM  Airee,  Bontb 

America. 

1902  BeptO      West,A.S Boitmgh      Engineer*!      Offlea, 

HuKsate, 

1902  Jan.  29    Wnirk,  C.  D. Connoil  Offloea,  Hanwell. 

1 901  Jmo  6      VawaOMJt,  E.  H.,  A JL  In*t.    Bngineer'i  Office,  Derwent  Tal- 
O.E.  lej  Water  Board,  Bamfoid, 


1901  JnDe27    Willstt,  A.  J.      IB  Castledine   Boad,  Anerlej, 

1902  July  10    WiLKiMKni,  F.,  A-HInatCE.  Town  Hall,  Boahdal& 

1901  Aug.  21    WiLumON,  H.  F.,  A Jl  Inat  Fnltoid  Honae,  The  Crewent 
O.E.  Sontb  Tottanham,  N. 
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189SJaiie37    Tilluvb,  D.  S o/a  O.  R.  Stnohui,  7  Vietoria 

Street,  8.W. 

1901  Dee.  7       Wuxiun,  J.  H. Depnty      Boroogh      Engineer, 

Tomi  Hall,  Todmoiden. 

1900  Deo.  15    WiLLa,A.J 2861  Woodbraok  ATenne,  Draid 

Hill    Puk,   Baltimore,  M&., 
U.8.A. 

1901  Aug.  19    WiLM>N.U.B.        Town  Hall,  Wood  Qreen,  N. 

1900  Jnlj  19    WuoK,  W.  P 117  High  Strael.  PopUr.  B. 

1904  June  211    Wbigbt,  F.  W 19  Cburoh  Street,  StratTord-oti 

Atco. 
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STANDING    COMMITTEES. 


PARLIAMENTARY  AND  GENERAL  PURPOSES 
COMMTPTEE. 


W.  N.  Blur  (8t  Phmim).  A.  a  HoDohaui  (QUigow). 

J.  W.  CooxBiLL  (Grot  TuiDoiitb).  J.  Psm  (Knningbua). 

a  H.  CoonB  (WimUedon).  0. 0.  B(nw»  (WUlMden). 

A.  D.  OiKAKwn  (W«at  Btomwioh).  H.  T.  WiXMiAit  (WasbniartH). 

W.HunmfOudUr).  W.  Wuns  (KeDdnstoa). 

Obah  Jomm  (Bkling).  T.  H.  Tubhxw  (Brittd). 


FINANCE  COMMITTEE. 


J.  p.  Babbkb  (IalIagtoii>  J.  8.  Fiosmnra  (KiiiiMtoo> 

J.  W.  Bbai».r  (WeMmintlar).  J.  Fbks  (Bitminghain). 

J.  A.  Bbodib  (LlTMpod).  B.  Bud  (QlonoMter). 

A.  Chmw  (York).  0.  P.  Wikk  (Bhsfflold). 

W.  Hakfdb  (OMdiff].  T.  H.  Yawhook  (Kiatol). 
Ceai.  Jdmh  (Ealing). 


PAPER   COMMITTER 

IB),  O&ajnwn. 

J.  P.  BUBXB  (Iilington).  A.  B.  HoDokald  (Gkmoir). 

W.  K.  BuiB  (8t  PaneoM).  J.  Pbkh  (Biimtn^Mm). 

0.  H.  Ooom  (WlmbledoQ).  B.  J.  Thomas  (AjlMbun). 

A.  Oma  (York).  B.  Bud  (QkmOMtor). 

A.  D.  OniAKMKZ  (Weat  Biomwioh).         J.  B.  FioKwnra  (OhdtMtham). 
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THE 

INCORPORATED  ASSOCIATION  OF  MUNICIPAL 
AND  COUNTY  ENGINEERS. 

THIRTY-SECOND  ANNUAL  MEETING. 

Norwich,  June  22,  23  and  24, 1905. 


The  Members  assembled  in  the  Technical  Institute,  where  the 
Mayor  (H.  Z.  T.  Flowera,  Esq.).  the  Sheriff  (H.  L.  C?lark,  Esq.) 
and  Members  of  the  City  Conncil  offered  the  Assooiatioo  a  very 
heai^  welcome  to  Norwich. 

The  President,  Mr.  A.  T.  Davis,  on  behalf  of  the  Association, 
returned  thanks  for  the  kind  welcome  offered  them. 

The  Secretary  then  read  the  Minutes  of  the  last  Annual 
General  Meeting,  which  were  confirmed  and  signed. 

The  Secretary  read  the  Conncal's  Annual  Eeport : — 

ANNUAL  BEPOET. 
The    GouncO    have  pleasore  in  presenting  their  Annual 

Bc^KBt. 

DisTBicr  MnmHCffl. 

Since  the  last  Annual  General  Meeting  eight  District  Meet- 
ings have  been  held.  At  Glaagow  (Scottish  district)  on  July  27, 
1904;  at  the  Birmingham,  Tame  and  Bea  District  Drainage  Works 
(Midland  district)  on  September  3,  1904  ;  at  Withington  (Lan- 
cashire and  Cheshire  district)  on  Sept«mber  24,  1904;  at 
Westminster  (Metropolitan  district)  on  February  10,  1905  ;  at 
Cleckheaton  (Yorkshire  district)  on  March  18,  1905 ;  at  Bir- 
mingham (Midland  district)  on  April  1,  1905 ;  at  Market 
Harborough  (Midland  district)  on  May  13,  1905 ;  and  at 
Gloucester  (Western  district)  on  June  3,  1905. 
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NSW  DiBTBICT. 

A  new  district  of  "  Africa,"  has  been  formed,  with  Ur.  J.  Cook, 
Cit7  Engineer  of  Cape  Town,  aa  tlie  hon.  district  secretary.  It 
is  hoped  thus  to  facilitate  the  work  of  the  Association  in  this 
growing  and  important  field  of  action. 


Boll  or  the  Absocutioh. 

Puriog  the  financial  year  ending  April  30  last,  117  new 
MemberB,  consisting  of  53  Ordinary  Members,  25  Associates, 
and  39  Graduates,  have  joined  the  Association.  Nine  Members 
have  resigned ;  nineteen  names  have  been  written  off  or  have 
not  been  re-elected ;  and  the  Council  record  with  n^jret  the 
deaths  of  £.  R  S.  Escctt  (past-President),  W.  G.  Laws  (past- 
PieeideDt),  W.  Beatson,  A.  J.  L  Evans,  W.  Ooldswortb,  S.  Bei^, 
and  J.  W.  M.  Smith  (hon.  district  secretary.  North  Wales). 

The  number  on  the  Boll  of  the  Association  at  the  (dose  of 
the  year  was  10  Honorary  Members,  852  Ordinary  Memben, 
123  Associates,  and  158  Graduates — makii^  a  total  of  1143, 

Tasli  BBOwna  HuiuuaAi.  Ihobbam. 


- 

talMD. 

ItM 

lolMJ. 

(DIM; 

ItM 

i*es 
teltM. 

1*M 

WIMt. 

9 

10 

9 

8 

10 

10 

Memban 

788 

808 

8SS 

810 

BIS 

Wi 

AaooUlM 

.. 

68 

S8 

98 

128 

OndutM 

12S 

148 

1S9 

ISS 
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Total      ..      .. 

080 

866 

1     1019 

1084 

1060 

1148 

Hie  Council  have  transferred  3  Assooiatea  to  the  class  of 
Members,  12  Graduates  to  the  class  of  Members,  and  6  Graduates 
to  the  class  of  Associates,  these  gentlemen  occupying  positions 
qualifying  them  under  the  Articles  for  the  several  transfers. 

In  the  totals  above  given  30  Scotch  Members  and  16  Scotch 
Associates  are  included,  these  having  joined  under  By-law  23, 
passed  at  the  last  Annual  Meeting. 
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FiNANCBB. 

The  aadited  Balance-Sheet  and  Statement  of  Accounts, 
which  accompany  thiB  Beport,  show  a  balance  In  hand,  on 
April  30  last,  of  83/.  153,  6d.  The  auditors  ezpresaed  pleasure 
at  the  amount  of  arrears  that  have  been  got  in  during  the  year. 
The  expenditure  account  ia  very  heavy,  as  it  includes  a  larger 
volume  than  usual,  together  with  the  quinquennial  index. 

The  statement  of  assetfi  and  liabilities  again  allows  the 
financial  state  of  the  Association,  to  be  reported  as  very  satis- 
factory. 

Examinations. 

Since  the  last  Beport  four  examinations  have  been  carried 
out  Two  were  held  at  Manchester,  in  October  1904,  when  39 
candidates  presented  themselves  for  examination,  of  whom  20 
satisfied  the  examiners  and  were  granted  their  certificates,  and 
two  examinations  in  London,  in  April  1905,  when  49  candidatea 
presented  themselves  for  examination,  of  whom  23  satisfied  the 
examiners  and  were  granted  their  certificates.  In  addition  to 
the  examination  to  be  held  at  Liverpool  in  October,  it  is  intended, 
shonld  sufficient  candidates  present  themselves,  to  hold  an 
examination  at  Glasgow,  also  in  October,  when  the  fourth  section 
of  the  examination  will  be  taken  in  Scotch  Law.  On  the  advice 
of  the  Board  of  Examinm,  the  Council  have  divided  Engineering 
into  two  papers,  giving  this  most  important  subject  an  additional 
two  hours.  The  Council,  after  very  careful  consideration,  have 
made  certain  iterations  in  the  schedule  of  educational  attain- 
ments required,  which  facilitate  proof  of  the  candidates  having 
been  thoroughly  educated.  Ko  candidate  is,  under  any  circum- 
stances, allowed  to  sit  for  the  examination  who  cannot  give 
evidence  of  having  received  a  sound  education,  and  at  least 
produce  certificates  in  English  and  in  Mathematics. 

Prkhidmb. 
The  Council  have  awarded  the  premium  of  10/.  to  Mr.  Creer 
for  his  paper  entitled  "  Sewerage  and  Sewage  Disposal  of  York," 
read  at  the  District  Meelii^  held  at  York,  May  14,  1904 ;  and 
Uie  premiom  of  51.  to  'Mx.  P.  H.  Palmer  for  his  paper,  "  The 
Water  Supply  of  Hastings,"  read  at  the  District  Meeting  held  at 
Hastings  on  September  10  and  11,  1903. 

B  2 
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Papehs  to  Authohs. 

The  Goimcil  have  decided  in  future  to  present  copies  of 
Papers  lead  at  Meetings  to  theii  Authora. 

New  ComrciL. 

The  Scrutineers,  having  examined  the  ballot  lists,  report  the 
following  gentlemen  as  elected  for  the  new  Council : — 

Preaid«nt.—lSx.  A.  E.  Collins. 

Vioe-Presidmts.—lS.eBaiB.  J.  Patten  Barber,  J.  Price,  and 
0.  F.  Wika 

Ordinary  Memiers  of  Council. — Messrs.  W.  N.  Blair,  J.  W. 
Bradley,  J.  A.  Brodie,  C.  H.  Cooper,  A.  Creer,  H.  A.  Cutler, 
A.  D.  Greatorex,  E.  P.  Hooley,  A  B.  McDonald,  J.  Baton,  J.  3. 
Pickering,  S.  S.  Piatt,  R.  Bead,  H.  T.  Wakelam,  and  A.  E. 
White. 

Sort.  Secretary. — Charles  Jones. 

Hon.  Trtaawrt^. — ^Lewis  Angell. 

The  Council  note  with  gratification  that  the  Membeis  have 
given  to  Ireland  another  Council  representative  in  the  person 
of  Mr.  Cntier,  and  that  Scotland  eontinues  to  be  represented  \fj 
Mr.  McDonald.  All  members  of  Council  seeking  re-election  have 
been  re-elected,  thus  secuiiug  that  continuity  of  work  and 
policy  which  is  so  vital  to  the  best  interests  of  the  Association. 
The  Council  having  re-elected  Mr.  0.  C.  Robson,  the  list  of  elec- 
tive Past-Presidents  remains  the  same  as  that  for  the  last  year. 

Bdildinq  By-Laws, 

During  the  past  year  the  special  Committee  appointed  to 
consider  the  subject  of  building  by-laws  have  held  21  meetings, 
and  have  submitted  an  exhaustire  report  to  the  Council,  recom- 
mending various  amendments  to  the  model  code  for  urban  and 
rural  diBtriote  issued  by  the  Local  Government  Board.  In  con- 
sidering this  question  the  Committee  have  particularly  had  ia 
view  the  desirability  of  removing  certain  restrictions  in  the  by- 
laws in  order  to  allow  of  the  cheaper  construction  of  buildings 
particularly  with  regard  to  dwellings  for  the  working  classes' 
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both  in  arban  and  mral  distiiots ;  and  in  snggestiBg  such 
amendments  and  modifications  Uiey  have  carefiilly  kept  in  mind 
the  necessary  stability,  security  against  fire,  and  sanitary  arrange- 
ments of  the  bnildinga.  The  report  having  been  considered 
and  approved  by  the  Conncil,  has  been  sul>mitted  to  the  Local 
Government  Bc«rd,  who  are  giving  the  subject  their  consider- 
ation, and  it  is  confidently  hoped  that  the  labours  of  the 
Committee  may  not  have  been  in  vain. 


CSETIFICATSB  TO   PSESmENTB,   MkMBEBS,   ETC. 
The  Council  have  designed  certificates  to  be  iasned  to  all  Pre- 
sidents, Honorary  Members,  Members,  Associates,  and  Graduates 
of  the  Association.    General  satisfaction  appears  to  have  been 
given  by  this  action. 


Sale  or  "  Pbocxkdinqb  "  at  Seduced  Cowi. 
The  Conncil  have  deemed  it  desirable  to  offer  to  Members  of 
the  Association  the  first  twenty  volumes  of  the  "  Proceedings  " 
at  the  reduced  price  of  Ss.  per  volume. 

Patuskt  of  Expenses. 

Daring  the  year  the  Council  have  further  pursued  their  efforts 
to  obtain  such  amendment  of  the  Conferences  Act  as  will  put 
the  engineer  and  surveyor  in  the  same  position,  in  the  matter  of 
payment  of  expenses  incurred  in  attending  meetings,  as  are  the 
elerk  and  the  medical  officer.  The  Urban  and  Sural  District 
Councils'  Associations  have  been  asked  to  co-operate  with  your 
Council,  and  favoorable  replies  have  been  received  from  them. 
Mnch  is  hoped  from  the  accession  of  strength  which  the  co-opera- 
tdon  of  these  two  influential  bodies  will  bring. 


Legal  Pboteotioh  to  MnumtitH, 

The  Council  have  for  some  time  past  had  under  their  con- 
sideration a  dispute  between  a  Member  and  the  Corporation  by 
whom  he  was  employed,  as  to  the  ownership  of  plans  and  pay- 
ment therefor.  The  opinion  of  an  eminent  Counsel  has  been  ob- 
tained, and  the  Conncil  has  the  matter  still  under  consideration. 
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A  Defence  Fdhd. 

The  CooDcil  have  had  theu:  attention  directed  to  the  question 
of  the  formation  of  a  defence  fund  for  the  protection  of  Members. 
After  careful  consideration,  it  was  not  found  possible  at  present 
to  adopt  such  a  scheme. 

Legal  Adtiseb. 

A  further  propoaition — that  a  l^al  adviser  should  be  retained 
for  the  assistance  of  Members — also  received  careful  attention. 
Keeping  in  mind  the  fact  that  the  Association  has  its  official 
solicitors,  and  that  cases  may  always  be  laid  before  the  Council 
for  consideratioD,  the  Council  thought  it  nndesirable  to  appoint 
such  l^;al  adviser. 

Public  Health  Bill  (Qqalificatioh  ahd  SECtnurr  o? 
Tenitbe). 

The  Council  gave  careful  confad^afion  to  the  Public  Health 
Bill  (1905),  promoted  by  the  British  Medical  AssooiatioB,  the 
Society  of  Medical  Officers  of  Health,  and  the  Sanitary  Inspectors' 
Association ;  and  addressed  a  communication  to  these  Societies, 
with  a  view  of  obtaining  the  inclusion  of  Municipal  and  County 
EngineeiB  and  Surveyors,  expressing  approval  of  l^;Lalation  on 
the  lines  proposed  and  offering  hearty  co-operation.  Un- 
fortunately, this  Bill,  which  would  ensure  that  security  of  tenure 
which  is  an  absolute  necessity  to  the  efficient  administration  of 
the  public  engineering  deporbnents,  will  not  be  proceeded  with 
this  session.  The  efforts  of  your  Council  will  not  be  relaxed 
until  snocess  is  attained. 


Loudon  Builoikq  Actb  Amendment  Bill,  1905. 

This  Bill  has  also  engaged  the  attention  of  your  Council,  aiul 
a  resolution  opposing  the  Bill  was  addressed  to  every  London 
authority  and  the  Members  of  Parliament  representing  London 
divisions.  It  is  satisfactory  to  note  that  the  general  opposition 
to  the  Bill  has  resulted  in  the  witMrawal  of  all  the  danses 
except  those  relating  to  protection  against  fire. 
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BoTAL  iNSTirnri  of  British  Aboetteotb'  Meuokul. 

The  CouBoil  carefully  ooDsidered  a  memorial  issued  hj  the 
Boyal  Institute  of  British  Architects  and  kindred  Societies  to 
public  anthoritdee  in  reference  to  architector^  work  executed  by 
EngineeiB  or  Surveyors  to  municipal  authorities.  It  was  not 
eonsideTed  of  sufficient  importance  to  warrant  uty  action  being 
taken. 


Bkfobts,  in  Faiiphlbt  Fobh,  of  Law  Casks, 
Abbitkatiohs,  Era 

The  Cknincil  have  decided  to  issue  reports,  in  pamphlet  form, 
oi  law  cases  and  arlab^tionB  bearing  directly  upon  municipal 
and  county  engine^ing,  to  Members  of  the  Association.  They 
trust  that  Members  will  find  these  reports  valuable,  and  will 
co-operate  in  this  work  by  sending  to  the  Secretary  reports  of 
any  cases  that  may  become  known  to  them. 


PuBucATioM  or  "Digest  of  CotiNciL  Mkbtdjos." 

It  having  been  considered  desirable  to  keep  the  Members 
informed  as  to  the  work  of  the  Council  throughout  the  year,  a 
digest  of  the  work  of  each  meeting  is  now  published  in  those 
technical  papers  particularly  applying  themselves  to  the  work  of 
Municipal  and  County  Engineers, 


CONOLDBIOH. 

It  will  be  seen  that  the  Coimcil  have  during  the  past  year 
dealt  with  a  mass  of  work  greater  than  in  any  previous  year. 
Wi^ont  the  loyal  services  of  the  varioos  atonding  Committees 
— particularly  the  By-laws  Committfie — snch  enhanced  work 
could  not  have  been  accomplished.  And  to  the  gentlemen 
firamiog  these  Committees  the  thanks  of  the  Association  are 
specially  due. 

Chaales  Jones,  Hon.  Sec, 
Taoius  COLX,  Secretary. 
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On  the  motioii  of  the  Pieeident,  secboded  by  Mr.  A.  E. 
Collins,  the  Eeport  was  received  and  adopted. 

A  soggestion  by  Mr.  W.  H.  Prescott  that  the  Annual  Eeporta 
should  in  future  be  printed  and  circulated  was  referred  to  the 
CouDoil  for  consideration. 

The  Association's  101.  Premium  of  books  was  then  presented 
to  Mr.  A.  Greer  for  his  paper  on  "  The  Sewerage  and  Sewage 
Disposal  of  York,"  and  the  5^.  Premium  to  Mr.  P.  H.  Palmer, 
for  his  Paper  on  "  The  Water  Supply  of  Has^gs." 

It  was  moved,  seconded,  and  carried,  that  the  Hon.  District 
Secretaries  be  re-elected  pending  Meetings  in  their  several 
Distzicts. 

Mr.  R  A.  MacBrair  and  Mr.  S.  Stallard  were  re-elected 
Auditors  for  the  ensuing  year. 

Messrs.  F.  Harris,  T.  W.  A.  Hayward,  H.  Shaw,  and  O.  E. 
Winter,  were  elected  Scrutineers  for  the  ensuing  year. 

Mr.  Davis  then  introduced  hia  successor,  Mr.  Arthor  £. 
Collins,  and  vacated  the  chair  in  his  favour. 

Mr.  C.  Jones  proposed  a  hearty  vote  of  thanks  to  the  retiring 
President  for  his  services  to  the  Association  during  the  past  year. 
This  was  seconded  by  Mr.  Weaver,  and  carried  with  acclamation. 

Mr.  Davis  acknowledged  tjie  vote. 

ilb.  Collins  then  read  Ms  Inaugural  Address,*  a  hearty  vote 
of  thanks  for  which  was  proposed  by  Mr.  J.  Fatten  Barber, 
seconded  by  Mr.  A  D.  Greatorex,  and  carried  unanimously. 

The  following  papers  were  read  and  discussed : — 
"  Suggested  Amendments  to  the  Model  Building  By-laws  for 
New  Streets  and  Buildings,"  by  A  D.  Greatorex.     "  Administta- 

*  TUi  AddrcM  nnd  the  Fkpen  nad  mi  the  Meethig  will  be  foimd  %i  tfaeend 
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don  by  Municipal  Engineen,"  by  E.  J.  Elford.  "  Armoured  or 
Bainforced  Concrete,"  bj  P.  H.  Palmer.  "  Seinforced  Concrete 
Piling,"  by  A.  B.  Galbraith.  "Adaptation  of  Higbwaya  for 
Modem  Traffic,"  by  C.  H.  Cooper.  "  Tramway  Materiala,"  by 
J.  Owen ;  and  "  Water  Supply  of  Cromer,"  by  T.  Fiitcbaid. 

A  cordial  vote  of  tbanka  was  accorded  to  Uie  Mayor  and 
Corporation  for  the  use  of  St.  Andrew's  Hall  and  the  Technical 
Institute  foi  tiie  porposee  of  the  Meeting. 
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H    Bnndr;  Orediton 
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ExMuined  with  the  Toiicb«n  ajtd 
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^  Baporta  or  HecdDKB       

,  Buminei^  Feea  and  Ezueiuei 

n  MaMT*.  Oowes,  foi  Vol.  XXX.  and  taaiij  printing 
q  CanpUlng  lodu 

,  AulibB^  Espei  _ 

.  Haetings,  ExpanMB      

^  PlintiDg  H>d  BteUonery 

,  niiwtntliuii  fur  ToliuM      ..     ..      . 

.  Bant  of  Tele^wne 

.  SaottteiT,  Salary 

.  AUovutoa  to  8ecretM7  for  Awtrtant . 
.  B«Mt  <tf  OfflM  and  Coali       ..      .. 

.  Banken' Ohugea . 

.  Soliuitan' Chargei        

.  OffloeExpenMa      

,  Baton  of  SnbaorlpttoD 

,  Fnmitura       

.  PattrCbrit- 

Poatagea 

GaDeraJ     

BkUnoa  in  hMidi  itf  SMretary 

.  TfwIlMg  k™»h— 

^  BxBiBinafatHi  Bxpanaei.. 

,  HliaofBoaiM       

.  Babnoa  OMiied  fenrard      
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.  Balance  (J  Petty  Cad) 

.  £4S0  SoDthamptOD  Corpomtlon  Stock  at  S9      . .      . . 

.  £U3  12*.  M.  India  21  %  Stock  at  82     

^  £3&l  14*.  Id.  London  Goonty  OuonoU  21  %  Oonaol* 

at  81 -     .. 

,  13)0  MetropoUtan  2^%  OoDwlidated  Stock  at  64  .. 

Loaa  to  San.  lam.  Jolot  BIsam.  Board      

"      ■  BonaiiiArrear        

X«M50%bad        

■in  Stock 

'"%        

Ottoe  Fajnitore 


id  correct,  Ma^  10,  1 90a. 
BnnnT  Stali^bs  I  .  , 
R.  A.  MioBn*iB   f  """ 


Lswis-AifoXLL,  Eoa. 
UhjlBlm  Johm,  Hon. 
Th(ma»  Cole,  StarMarf. 
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SCOTTISH  DISTRICT  MEETING 
AT  GLASGOW. 

Jnly  37,  1904. 

Hdd  tn  (he  Burgh  Court  Sail,  Otiy  Charaben. 

•  William  WaiVBE,  M.  Inst.  C.E.,  PAST-PBBSiDBirr, 
tn  the  Chair. 


Thi  Chairhan  :  &Cr.  A.  T.  Davia,  who  was  elected  and  installed 
as  Freoideat  at  tlie  Ammal  Meeting  at  Shrewsbuiy,  a  fortnight 
ago,  haa  kindly  allowed  me  to  take  the  Chair  this  morning  in 
order  that  I  might  welcome  the  Scottish  Members  coming  into 
the  fold  of  the  Association,  and  he  has  left  tiiat  doty  and  pleasure 
to  me,  iuaamncb  as  I  virtually  initiated  the  movement  t^t  ve 
are  now  completing.  On  hehalf  of  tiie  Association  and  its 
Membws,  I  beg  to  tender  to  our  Scottdsh  brethren  who  have 
amalgamated  with  ns,  a  hearty  welcome  to  oar  ranks,  and  X 
trust  that  the  amalgamation  which  we  effect  this  morning  may 
be  of  matual  advantage.  I  am  quite  sure  that  it  is  to  the 
interest  of  all  the  Members  holding  appointments  throughont 
Great  Britain  to  be  in  touch  one  with  another,  for  the  object  of 
both  mntoal  improvement  and  support,  md  I  trust  that  future 
events  will  prove  the  wisdom  of  our  action.  I  therefore  b^  to 
give  yon  a  hearty  welcome,  and  to  express  my  own  personal 
feelings  of  pleasure  in  meeting  you  here  this  morning. 

Mr.  A.  B.  McDonald  :  On  behalf  of  the  Scottish  Assodation, 
which  has  now  ceased  to  exist,  I  b^  to  acknowledge  the  vary 
kind  observations  that  you  have  been  pleased  to  address  to  na, 
and  I  cordially  acquiesce  and  tiLoroughly  believe  in  the  accuracy 
of  your  anticipation  that  the  amalgamation  will  be  of  mutual 
benefit    I  am  quite  sure  that  the  strong  current  of  Scottish 
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blood,  which  is  to  be  infased  into  the  Ei^lish  Association, 
cannot  be  otherwise  than  advantageous,  and  I  am  quite  sure  we, 
too,  shall  benefit  from  the  kindly  relations  with  our  English 
con&^ies.  I  hope  and  believe  that  the  two  AssociatioDS  now 
BmalgHmated  will  prove  of  the  highest  benefit  to  the  professioo, 
and  I  trust  that  we  shall  all  avail  ouiaelves  of  the  opportunities 
(hat  now  offer  of  attending  the  meetings,  both  in  Ixindon  and 
the  provincial  districts  of  the  Association. 

Election  of  Honorary  DiarBicr  Sbcbetaby. 

It  was  proposed  by  Mr.  Fritty,  seconded  by  Mr.  Massie,  that 
Mr.  Bryoe  be  elected  Honoraiy  Secretary  for  the  Scottish 
District.  This  was  cordially  aapported  by  the  Chairman  and 
carried  unanimously. 

Mr.  Bbtcs  :  I  have  to  thank  you  very  mooh  for  the  honour 
you  have  conferred  Qpon  me,  but  I  must  say  it  is  coily  on  ccm- 
dition  Uiat  I  get  relieved  next  year. 

BijiiDma  By-Laws. 

Mr.BBYCE:  Ihave asked yourpermission, sir, to makeastate- 
ment  about  building  by-laws.  This  matter  is  so  urgent  that  I 
think  this  is  a  very  fitting  time  to  bring  it  up.  Scottish  sur- 
veyors know  very  well  tJiat,  in  the  new  By-laws  Act  of  1903, 
we  have  got  authority  to  &ame  very  comprehensire  building  by- 
laws for  new  bidldingB  and  drainage.  I  think  the  list  is  more 
comprehensive  than  that  comprised  in  the  model  by-laws  of 
En^and ;  however,  I  may  be  wrong  on  that  point  Now,  I  think, 
is  Uia  time  to  appoint  a  committee  of  our  Scottish  Members  to 
frame  a  uniform  code  of  by-laws  in  respect  to  Scotland.  There  are 
agreatmany  local  differenoes  which  would  alter  by-laws  for  one 
particular  town  here  and  there,  but  on  the  main  points  the  by-laws 
could  be  made  uniform,  and  be  adapted  to  Scottish  practice.  We 
know  the  English  surveyors  are  also  looking  into  the  matter  of 
their  by-laws,  and  making  suggested  improvements  on  the  model 
by-laws  of  England,  and  probably  we  might  get  some  hinte  from 
them  in  this  matter.  But  this  ia  entirely  a  Scottish  aflair. 
There  is  also  the  question  of  the  form  of  the  by-law  as  well  as  of 
uniformity.  There  has  been  a  good  deal  of  discussion  lately 
about  by-laws  being  too  fixed  and  definite,  and  stringent  in  their 
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specificatioiL  I  remember  reading  the  proceedings  of  the  Glas- 
gow Hoosing  Committee  last  year,  and  some  witnesses  made 
very  strong  objection  to  the  Glasgow  buildiDg  by-lawa,  because 
of  Uiat  Now  the  question  will  aiise.  What  is  Ute  beat  form  in 
which  to  mould  the  by-law  ?  Perhaps  I  may  be  wrot^,  bat  I 
think  in  addition  to  the  deliberation  of  this  Committee,  we  mi^t 
be  assisted  by  the  views  of  the  Institute  of  British  Aidiitects 
and  the  Surveyors'  InstitatioD,  as  well  as  the  Bnigh  Officials' 
Association  of  Scotland  and  the  National  Plumbers'  Associa- 
tion. It  seems  te  me,  seeing  that  we  have  a  clear  field  before 
us,  as  we  have  no  model  by-laws  in  Scotland,  we  should  take 
this  opportunity  of  apptnating  a  committee  and  frame  a  model 
code  for  the  use  of  Scottish  burghs.  In  the  hope  that  it  will 
meet  with  the  approval  of  the  meeting,  I  will  move,  "  That  a 
committee  be  fonned  of  Scottish  Membos  to  consider  the  forma- 
tion of  a  code  of  by-laws  applicable  to  Scotland." 

Mr.  HoLHZS :  I  have  great  pleasure  in  seconding  the  resolu- 
tion. The  Act  ol  1903,  which  came  into  force  in  May,  requires 
the  foaming  of  by-laws.  I  think  they  are  very  necessaiy. 
When  you  have  bmghs  adjoining  each  other,  diifficalties  are 
constantly  arising  as  to  house  drainage,  the  trapping  of  drains, 
and  other  matters.  If  all  the  buif^  could  be  induced  to 
adopt  a  nnifonn  system  of  by-laws,  it  wonld  be  conducive  to  the 
general  benefit. 

Mr.  J.  PBICB :  As  a  member  of  the  By-law  Committee  of  the 
Council,  I  think  the  Scottish  section  of  the  Association  will  be 
wise  in  adopting  the  procedure  proposed  by  Mr.  Bryce,  that  is 
to  frame  their  own  by-laws,  and  not  wait  until  the  Local 
Gh)vermDent  Board  or  some  other  Crovemment  departments 
make  by-laws  for  them.  Unfortunately,  in  England  that  is 
what  has  happened.  The  Local  Government  Board  made  the 
by-laws,  and  we  have  had  to  aviSer  for  them  ever  since.  We  are 
trying  now  to  make  a  set  of  by-laws  which  will  be  workable, 
which  is  more  than  can  be  said  for  those  we  have  had  in  opera- 
tion in  the  past.  In  drawing  up  by-laws,  it  is  well  to  make  them 
snfficieutly  wide,  and  yet  not  too  wide  to  be  uUra  virea.  All 
you  need  is  to  make  by-laws  so  as  to  secure  that  the  walls  of 
buildings  will  be  stable,  the  roofs  tight,  and  the  drainage  satis- 
factory. To  do  more  than  that  is  to  go  beyond  yonr  purview. 
I  do  not  think  you  will  get  much  assistance  froia  the  Boyal 
Institute  of  British  Architects,  because  many  members  of  that 
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angOiSt  bod/  either  vaot  to  make  by-laws  for  tliemselvea,  or  have 
none  at  all.  I  think  the  movement  you  aie  promoting  to-day 
is  one  eminently  in  yonr  ovn  interest. 

The  resolution  vaa  tixea  submitted  by  the  Chairman,  and 
carried  unanimously. 

Mr.  Bryce;  I  propose  that  the  following  form  the  Com- 
mittee :  Messrs.  Killop,  Lee,  Tumbull,  Holmes,  Toung,  Bouald, 
Gondie,  Wilson,  Winning,  and  Lumaden. 

Mr.  Holmes  formaUy  seconded,  and  the  Committee  as 
proposed  was  elected. 

Mr.  J.  PABESS :  I  should  like  to  propose  a  vote  of  thaoks 
to  the  late  Hon.  Secretary  for  the  Scottish  District,  Mr.  Dyack. 
I  think  one  of  the  most  successful  meetings  which  I  ever  at- 
tended, was  that  held  at  Aberdeen,  and  s  good  deal  of  the  success 
of  that  meeting  was  due  to  Mr.  Dyack. 

Mr.  LuMSDEN :  I  have  much  pleasure  in  seconding  the  pro- 
poaitaon. 

The  Chaikmah  :  I  should  like  personally  to  endorse  the  fed- 
ing  expressed  by  the  mover  and  aeconder  of  the  vote  of  thanks. 

The  vote  of  thanks  was  then  unanimoualy  passed. 

Mr.  E.  G.  Mawbet:  I  have  pleaaure  in  proposing  a  very 
hearty  vote  of  thanks  to  Mr.  Weaver  for  presiding  over  us  this 
morning ;  and  for  his  success  in  brlngmg  us  into  one  happy  fold. 

Mr.  A.  B.  McDonald  :  I  have  pleasure  in  secondh^  the 
{Hopooition. 

The  vote  of  thanks  was  accorded  with  acclamation, 

Mr.  W.  Weaver  :  I  b^  to  thank  you  cordially  for  your  kind 
expression  of  thanks.  It  atmok  me  when  I  was  fulfilling  the 
office  of  President  that  it  would  be  beneficial  to  effect  the 
amalgamation  whidi  has  been  consummated  this  morning. 
I  am  quite  certain  &om  the  feelings  which  l^ave  been  ex- 
pressed this  morning  that  my  anticipations  will  be  fulfilled. 
I  may  say  that  the  question  of  holding  examinations  in  Scotland 
is  now  receiving  the  consideration  of  the  Council.  I  pressed 
upon  the  Council  of  the  Association  the  necessity  of  holding 
SQch  examinatdons  to  save  young  men  the  expense  of  travelling 
to  attend  examinations  in  England.  Examiners  will  be  ap- 
pranted,  and  the  law  paper  will  be  set  in  Scottish  Law. 

Mr.  Lee  :  I  have  pleasure  in  proposing  a  vote  of  thanks  to 
the  President  of  the  late  Scottish  Association.  Mr.  McDonald 
has  not  quite  completed  his  term  of  office,  but  I  think  it  is  the 
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wish  of  the  memheis  of  the  Scottieh  AssociBtion  that  before  long 
Mr.  McDonald  may  attain  to  the  position  of  FreBideat  of  the 
larger  Aasociatioc. 

Mr.  Dawsok  :  As  a  Scotsman  I  have  pleaeure  in  seconding 
the  proposition. 

The  proposition  was  unanimooslj  passed. 

Mr.  McI)oNALD :  I  am  very  much  obliged  to  you.  My 
duties  as  President  have  been  very  light ;  ret^y  the  whole  of  the 
heat  and  burden  of  the  day  has  Mien  upon  Mr.  Bryce. 

Mr.  McDonald  then  entertained  the  Members  to  light  refresh- 
meat,  after  vAieh  they  proceeded  to  viait  the  Olaagow  main  drain- 
age works  at  Dalweir;  the  tidai  weir;  the  VKUerworJcB  service 
reservoirs  ;  and  the  gas  works,  Dawsholm  Staiion. 
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MIDLAND  DISTRICT  MEETING  AT 
BIRMINGHAM. 

September  3,  1904. 

Held  at  the   Works  of  the  BiTminghaTn,  Tame  and  tiea 
Dramage  Works. 

A.  T.  DaTIB,  M.  Ibst.  C.E.,  PbesiDIHT,  in  the  Chair. 


Mr.  J.  D.  Watboh  welcomed  the  Members  on  behalf  of  the 
Chainnfln  of  the  Drmnage  Board,  who  UDfortnnately  was  not 
•ble  to  be  present  that  d&j. 

iSx.  E.  Richardson  was  osanimoasly  re-elected  Hon.  Sec. 
lor  the  Midland  District. 

The  following  papers  were  read  and  ducnssed : — 


RECENT  EXPERIENCE  IN  SEWAGE  AND 
SLUDGE  DISPOSAL  AT  THE  SALTLEY 
OUTFALL  WORKS  OF  THE  BIRMINGHAM, 
TAME  AND  REA  DISTRICT  DRAINAGE 
BOARD. 

Bt  GEO.  A,  HXrT. 

The  modiScatioDa  which  have  been  introduced  from  time  to 
time  into  the  gena^  method  of  sew^e  treatment  adopted  at 
the  Saltie7  Works  during  the  last  three  years  appear  to  have 
a  somewhat  interesting  bearing  in  relation  to  the  general  ques- 
tion of  semge  and  sludge  dispostJ,  and  the  Author  trusts  that, 
in  sabmitting  a  short  paper  on  this  subject  before  the  Members 
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of  the  Association,  some  points  of  IntereBt  may  be  aroused 
which  will  provoke  sorae  useful  discussion  at  the  subaequent 
meeting  to  be  held  on  the  works  in  Birmingham. 

Firstly,  The  Author  proposes  to  submit  a  brief  outline 
of  those  engineering  features  which  constitute  the  works  dedi- 
cated to  the  tank  treatment  of  the  sewage  and  disposal  of  the 
sludge. 

Secondly.  To  outline  the  methods  of  treatment  which  have 
been  adopted,  together  with  some  observations  upon  the  effects 
caused  by  the  extension  of  the  works  and  modifications  in  the 
character  of  the  treatment. 


1.  Dbbcriftiok. 

In  1900  the  outfall  works  then  constructed  for  the  tank 
treatment  of  the  sew^e  and  the  disposal  of  the  sludge  at 
Saltley  consisted  of — First :  an  installation  of  three  tanks  for 
preliminary  treatment  of  the  sewage,  called  roughing  tanks. 
Each  tank  avenged  328  feet  long  by  94  feet  wide,  and  6  -  64 
feet  deep,  having  a  total  combined  holding  capacity  of  3,216,100 
gallons.  Each  of  the  tanks  was  'rectangular  in  plan,  with 
side  walls  constructed  of  brickwork,  and  had  brick-paved 
floors,  having  a  slight  fiaU  lengtibiways  from  the  outlet  towards 
the  inlet  end.  They  were  divided  into  three  sub-divisions  by 
cross  walls  carried  up  to  within  2  feet  of  the  sewage  surface. 
The  compartment  at  the  outlet  end  consisted  of  one-half  of  total 
capacity  of  each  tank,  i  e.  holding  about  600,000  gallons.  The 
remtdning  two  compartments  of  each  tank  were  of  equal  eaxo, 
and  held  about  250,000  gallons  each.  Moating  scum-boards  to 
prevent  the  passf^  of  fioating  refuse,  such  as  corks,  etc  were 
fixed  across  the  inlet  end  of  the  tanks. 

These  tanks  received  the  contents  of  four  main  outfall 
sewers,  which  are  marked  upon  the  plan  by  the  titles  of  Saltley, 
Bea,  Hockley,  and  Aston  and  Handsworth  outfalls. 

The  contributory  population  to  the  outfall  works  was  esti- 
mated at  707,000,  and  the  average  daily  dry-weather  flow  was 
estimated  at  21,000,000  gallons  per  day. 

The  sewer  inlets  entered  the  tanks  at  a  level  of  about  3  feet 
above  the  floor,  and  the  flow  of  the  sewage  was  regulated 
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through  each  of  the  tanks  in  parallel  After  passing  through 
these  preliminary  tanks  the  savage  vaa  conducted  into  tiie 
second  installation  of  tanks,  tanned  finishii^  tanks.  These 
were  also  constructed  of  brickwork,  with  brick-paved  floors, 
having  a  fall  from  the  centre  line  to  the  inlet  and  outlet  ends 
respectively. 

There  were  sixteen  of  these  tanks,  each  measuring  150  feet 
by  50  feet  wide,  with  an  average  depth  of  6  ■  07  feet,  having  a 
total  holding  capacity  of  4,639,500  gallons. 

The  combined  total  roughing  and  finishing  tank  capacity  at 
the  ont&dl  works  therefore  amounted  to  7,755,000  gallons. 
Sumps  were  constructed  in  the  floors  of  the  compartment  of 
the  tank  for  the  collection  of  the  sludge ;  they  were  connected 
into  a  well  adjoining  the  tank,  in  which  were  fixed  bucket 
elevators  driven  by  shaft  and  bevel  wheel  gearing  connected  to 
a  pair  of  20  horse-power  steam  engines  located  in  an  adjoining 
building, 

A  ^estman  grab  attached  to  a  steam  crane  travelling  in  a 
4  ft.  8^  in.  gauge  tramway  extracted  the  heavier  detritus,  which 
was  deposited  in  tip  wagons,  and  at  once  removed  and  tipped  in 
the  form  of  a  surplus  spoil  bank  in  the  immediate  vicinity  of  the 
works.  To  supplement  the  elevators,  a  steam-force  pomp  was 
laid  down  in  the  engine  house,  having  its  suction-pipe  connected 
into  each  of  the  tanks. 

The  sludge  from  the  elevators  and  pump  was  dehvered  into 
wooden  rectangular  channels  erected  upon  timber  scaffold  poles, 
and  which  connected  the  site  of  the  tanica  with  an  area  of  land 
restricted  to  about  some  260  acres  extending  between  Saltley 
and  Bromford,  on  to  which  the  solid  and  semi-liquid  sludge  was 
deposited  in  the  form  of  lagoons  made  by  stanking  up  the  surface 
soil. 

Early  in  the  year  1902,  the  outfall  works  were  extended  by 
the  addition  of  two  further  roughing  tanks.  They  were  of 
similar  conatmction  to  the  tanks  previously  described,  holding 
about  1^  million  gallons  each,  and  four  additional  finishing 
tanks,  having  each  a  holding  capacity  of  680,920  gallons. 

No  further  addition  to  the  tank  capacity  of  the  works  has 
since  been  made. 

The  total  combined  roughing  and  finishing  tank  capacity  at 
the  present  time  is  as  follows  •/— 

c  2 
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Total  Unk  oapacity    ....       12,873,330 

Simnltaneonsly  with  the  increase  in  the  tank  accommodation, 
stona-water  filters  of  an  area  of  half  an  acre  each  and  containing 
medium  to  the  depth  of  3  feet  consisting  of  screened  gas  coke, 
were  constructed  for  the  treatment  of  atorm-water  conjointly 
with  the  tank  extensions.  The  overhead  timber  sludge  shoots 
were  abolished  and  a  cost-iron  underground  sludge  main  was 
permanently  laid  about  4  feet  deep,  extending  from  the  outfall 
works  for  a  distance  of  2^  miles  throi^h  the  farm-lands  to 
Castle  Bromwich. 

Manholes  were  constructed  along  the  main  containing  branch 
sluice  outlets  at  intervals  of  210  yards ;  these  outlets  were 
arranged  with  several  pipe  connections  on  to  the  surface  of  the 
ground,  so  that  temporary  pipe  connections  can  be  laid  there&om 
to  the  highest  points  in  the  various  fields  which  are  about  to  be 
sludged. ' 

New  bnUdinga  were  erected  containing  two  Lancashire 
boilera,  each  30  feet  long  by  8  feet  diameter,  and  the  existing 
engines  were  rearranged  and  connected  to  a  pair  of  belt-driven 
air  compressors,  which  supplied  compressed  air  to  a  series  of 
four  Shone's  pneumatic  ejectors,  which  were  connected  with  the 
cast-iron  sludge  main. 

Two  additional  sludge  pumpa  were  installed  in  the  engine- 
house  for  the  purpose  of  extracting  the  sludge  from  each  of  the 

The  delivery  branches  of  the  pumps  are  arranged  so  that  the 
sludge  may  he  delivered  either  directly  through  the  sludge  main 
to  the  land  or  into  an  elevated  sludge  tank  for  the  filling  of  the 
ejectors. 

The  complete  sludge  plant  lb  equal  to  the  duty  of  discharging 
30,000  gallons  of  liquid  sludge  per  hour — containing  an  average 
of  10  per  cent,  solids — through  2^  miles  of  9-inch  cast-iron 
main. 

To  dispose  of  the  supernatant  water  in  the  tanks,  two  direct 
driven  centrifugal  pumps  were  installed  in  the  engine-house 
having  the  delivery  connected  into  the  main  outfall  carrier. 
Each  of  these  pumps  is  capable  of  pumping  off  the  supernatant 
water  from  one  tank  in  about  eight  hours. 
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2.    TBEA.TUENT. 

From  the  year  1872  to  Febrnaiy  1901,  the  general  system 
of  sewage  treatment  at  the  works  consisted  of  chemical  precipi- 
tation, followed  by  subsequent  sedimentation  in  the  two 
installations  'of  tanks  termed  roughing  and  finishing  tanks,  the 
final  tank  ef&uent  being  subsequently  treated  on  land. 

The  storm  water  was  treated  conjointly  with  the  sewage, 
and  aft«r  passing  through  the  combined  tanks  was  discharged 
over  intercepting  overflow  weiis  into  the  river. 

The  chemical  re-agent  consisted  of  finely  ground  lime  added 
to  the  crude  sewage  in  the  form  of  milk  of  lune  in  the  proportion 
of  twelve  grains  to  the  unit  gallon.  The  cost  of  the  lime 
treatment  amounted,  in  the  year  1900,  to  43322.,  which  is 
equivalent  to  a  cost  of  lis.  6d.  per  million  gallons  of  sewage 
treated. 

The  amount  of  detritus  and  the  volume  of  sludge  extracted 
from  the  roughing  and  finishing  tanks  during  the  last  ten  yeaxs 
of  lime  treatment  was  as  follows : 


a«™«d^D,T 

VotDMorLlqiiU 

Solid  d*,™m 

tmr. 

W«aKr«o»,to 

plloHpaMboiin. 

ta^M^jL^ 

iDcnbliTuda. 

1891 

19,000,000 

235.427 

5,000 

18U2 

19,200,000 

232,762 

4,505 

189S 

19,400,000 

256,119 

5,581 

189* 

19,600,000 

239,571 

7,288 

1895 

19,800.000 

262,958 

8,482 

1898 

20,000,000 

281,448 

9,249 

1897 

20,250,000 

316,878 

9,205 

1898 

20,500,000 

346,129 

10,364 

1899 

20,750,000 

264,423 

14,616 

1900 

21,000,000 

169,468 

10,246 

The  composition  of  the  varioos  sewages  contributed  to  the 
outfall  works  by  the  four  main  outfall  sewers  is  very  varied, 
trade  effluents  constituting  a  very  considerable  proportion, 
derived  mainly  from  the  metal  and  hardware  trades,  and  the 
presence  of  ferrous  salts  forms  a  marked  feature  in  the  compo- 
sitioQ  of  the  resulting  sewage. 

The  following  tables  of  analyses  of  the  constituent  crude 
sewages  contributed  to  the  outfall  works  by  the  four  main  out- 
fall sewers,  having  been  taken  over  a  period  of  three  years,  may 
be  said  to  be  generally  representative. 
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Okisb  Sbwaos,  Tubs  1901,  1902  uro  IflOS.    Table  op  AsiLTan. 
1901.  ^MnAiMpnuxl  A)  port!  ]>«■  100,000. 


Ixto^l 
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I  3S7 
\  S-17 


I  1  M  12-fi 
1-52  24 -5    I 
I'OT  21*6    ' 
1-95  12-1 


18-lS 
17-88 
li-0« 
13-39 


567  18- 

10-26  18-2 

S-49    0-5 

I 
5-50  22-4 


I 
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r   l-66,80-8   fl-«    15-3 
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7-21   Hockley 

I        sewagv 
6-79    Aflton 

MWBge 


iCotnpated 
sTentgD 
•ewag» 


SaMey. — The  Saltley  sewage  is  cliiefly  domestic;  its  flow 
represeote  7  per  cent.  OT  the  total  Tolume. 

Rea. — ^Ihe  Sea  sewage  is  of  a  very  mixed  nature,  and  con- 
tributes about  43  per  cent,  of  Uie  total  flow. 

Socfdey. — The  Hockley  sewage  has  a  very  low  alkalinity, 
but  txee  acid  has  not  recently  been  observed ;  it  contains  a  large 
percentage  of  trade  refuse  from  the  iron  and  brass  industries, 
and  contributes  27  per  cent,  of  the  total  dry-weather  flow. 

Aston  and  Sandeworth.  —  The  Aston  and  Handsworth 
sewage  is  in  bulk  domestic,  and  contributes  about  23  per  cent, 
of  the  total  flow. 

The  lime  treatment  was  originally  adopted  to  precipitate  the 
suspended  solids  and  to  counteract  tiie  effect  of  the  ferrous  salts 
contained  in  the  sewage. 

The  sludge  deposited  in  the  first  bays  of  the  roughing  tanks 
consisted  principally  of  gritty  matter,  containing  also  a  per- 
centE^e  of  vc^tAble  refuse  intramixed  with  it  A  dried  sample 
had  the  following  analysis : — 


ToUtile  uid  oiganio  natter  ■ 
Band  Bud  iBBolable  Buttsr  . 
Other  inorganio  nwttw. 


M-9S 
4i-H 
10-51 


Totol 100-00 

ContuniDg  oitKgen  1-43  per  eeot. 
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In  its  Dormal  condition  it  contains  about  50  per  cent,  of 
water ;  when  allowed  to  air-dry  it  assumes  the  form  of  a  staff 
hard  cake. 

The  liquid  sludge  intercepted  in  the  tanks  consists  of  90  per 
cent,  of  water;  it  rapidly  assumes  a  black  appearance,  and 
when  dry  has  the  following  analysis : — ■ 

AS.U.TBIB   OF  DbISD  SlDDOB. 

VolatilB  uid  organla  nuttei S«*53 

Sand  and  lunlnble  matter 29 '  12 

Other  iDorgaolo  maUei 14-35 

Total lM-00 

Containliig  nitrogen  2'99  per  oeaL 

When  allowed  to  air-dry  it  assumes  the  form  of  a  light 
porous  friable  cake. 

The  sewage  and  storm-water  were  together  passed  through 
the  roi^hiiig  tanks,  which  were  emptied  as  soon  as  they  gave 
indication  of  having  become  filled  with  sludge.  The  deanini; 
of  one  of  these  tanks  under  this  method  frequently  occupied 
from  seven  to  ten  days,  and  the  effective  tank  capacity  avail- 
able for  sewage  did  not  generally  exceed  one-third  of  the  total 
capacity,  the  remaining  tank  capacity  being  monopolised  by 
deposited  sludge  and  detritus. 

Owing  to  the  length  of  time  that  the  detritus  and  sludge 
were  allowed  to  accumulate  in  the  tanks,  the  exposure  to  the  air 
of  the  sludge,  when  cleaning  the  tanks,  caused  by  the  mnning 
off  of  the  supernatant  water,  was  invariably  accompanied  by 
the  evolution  of  organic  gases  and  bad  smells. 

On  account  of  the  rapid  increase  in  the  volume  of  sludge 
precipitated  by  the  liming  process,  it  was  decided  to  entirely 
suspend  the  liming  of  the  sewage  and  to  commence  the  promo- 
tion of  bactraial  action  in  the  tanks. 

It  was  predicted  tiiat  it  would  be  practicable,  by  adopting  a 
method  of  firequently  and  rapidly  removing  ftum  the  roughing 
tanks  the  sludge  as  it  was  deposited,  to  counteract  the  effect  of 
some  of  the  acidified  discharges  of  sewage  which  periodically  pass 
down  to  the  works  by  increasing  the  effective  tank  space,  and 
that  an  important  advantage  anticipated  by  the  promotion  of 
septic  fermentation  would  be  a  reduction  in  the  volume  of  sludge 
produced  in  the  tanks  together  with  a  saving  in  treatment  at 
least  amounting  to  the  cost  of  the  unslaked  lime.    To  counteract 
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this  advantage  it  waa  anticipated  Uiat  the  tank  effluent  resulting 
from  bacterial  action  and  sedimentation  would  contain  a  much 
larger  quantity  of  suspended  matter  than  the  chemically  pre- 
cipitated effluent  had  hitherto  produced,  and  some  anxiety  was 
felt  as  to  the  result  of  the  application  of  the  unlimed  tank 
effluent  upon  subsequent  land  treatment ;  and  it  is  satisfactory 
to  be  able  to  say  that  as  the  result  of  a  farther  investigation 
upon  this  point  extendii^  over  the  last  three  years  it  has  been 
established  that  the  land  effluents  have  shown  annually  a  gradual 
improvement. 

On  the  albuminoid  ammonia  and  oxygen  absorbed  bases,  in 
terms  of  percentage  of  purification  upon  crude  sewage,  this 
improvement  is  inificated  by  the  following  figures : — 


1901  ...   88   ....   88 

1902  ...    92    ....    90 
1908    .    .    ,    93    .    .    .    .    98 

The  eSect  of  the  change  in  treatment  from  chemical  precipi- 
tation to  septic  fermentation  in  the  volume  of  sludge  arrested  in 
the  tanks  justified  anticipation.  As  a  result  of  fifteen  months' 
observation  it  may  be  stated  that  the  reduction  in  volume  of 
the  sludge  deposited  in  the  tanks  amounted  to  58  per  cent, 
of  the  total  bulk,  expressed  in  terms  of  cube  yards  of  sludge 
per  million  gallons  of  diy-weather  flow.  The  figures  are  as 
follows : — 


This  method  of  treatment  was  consistently  followed  out 
until  March  1903,  but  a  disturbing  element,  which  had  an 
appreciable  effect  upon  the  treatment,  was  introduced  in  1902  by 
the  addition  of  two  extra  roughing  tanks  and  four  finishing 

Tbia  additional  tank  accommodation,  representing  an  increase 
of  66  per  cent.,  increased  the  volume  of  sludge  deposited  in  the 
tanks  by  22  per  cent.,  making  the  total  volume  of  sludge 
deposited  per  million  gallons  of  dry-weather  flow  amount  to 
18*20  cubic  yards. 

Simultaneously  with  the  increased  tank  accommodation,  a 
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stoim-water  weir  vaa  constrocted  in  the  Toughing  tank  effluent 
channeL  The  combined  sewage  and  storm-water  is  now  treated 
together  in  the  five  roughing  tanks ;  the  storm-water,  after 
sedimentation,  being  automatically  diverted  over  the  storm 
overflow  weir  for  eubseqaent  treatment  on  straining  filters  before 
its  final  passage  into  the  river  Tame. 

In  April  1903  the  new  sludge  disposal  plant  which  had  been 
constructed  with  the  object  of  rapidly  and  efTectdvely  removing 
the  sladge  to  a  more  distant  site,  thereby  increasing  the  effective 
roughii^  tank  capadty,  was  brought  into  operation,  and  the 
method  which  had  np  to  that  time  been  adopted  of  allowing  the 
sludge  to  accumulate  in  the  roughing  tanks  until  they  gave 
evidence  of  becoming  filled  with  sludge,  was  superseded  by  a 
method  involving  the  cleaning  of  one  tuik  per  day. 

The  supernatant  water  is  decanted  and  pumped  ofT  &om  one 
tank  during  the  night;  this  operation  mainly  occupies  from 
eight  to  ten  hours.  The  sludge  accumulated  in  the  tank  gener- 
ally occupies  a  space  of  about  IS  inches  deep,  and  is  scraped 
down  as  rapidly  ag  possible  by  seven  tank  men  with  wooden 
scrapers  into  the  sludge  sump  connected  with  each  tank.  The 
sludge  is  drawn  out  simultaneously  by  the  slu%e  pumps  in 
about  six  hours  and  forced  through  the  sludge  main  on  to  the 
land  for  treatment 

In  its  passage  &om  the  tank  into  the  sludge  suction  chamber 
the  sludge  is  passed  through  an  iron  screen  of  about  1^-inch 
mesh  to  which  is  attached  a  revolving  rake  which  effectively 
extracts  from  the  sludge  the  cloths,  rags,  and  similar  fibrous 
material 

The  dischaige  from  the  rake  is  tipped  direct  into  w^ons  and 
removed  to  a  spoil  tip  or  destroyed  in  the  boiler  furnaces. 

This  method  has  proved  moat  effective ;  its  chief  recom- 
mendation being  that  in  lieu  of  a  large  quantity  of  elaborate 
screening  machinery  which  would  be  required  if  this  compara- 
tively small  percent^e  of  fibrous  material  were  extracted  frxim 
the  crude  sewage,  it  has  been  found  quite  practicable  to  allow 
the  material  to  deposit  itself  and  to  remove  it  in  bulk  in  a 
comparatively  short  time ;  the  whole  of  one  week's  sludge  being 
effectively  screened  and  removed  from  each  tank  in  about  six 
hours.  By  this  method  of  tank  cleaning,  the  resulting  sludge  is 
never  exposed  to  the  action  of  the  air  for  more  than  about  six 
hours,  and  the  rapid  removal  of  the  sludge  from  the  tanks  has 
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beea  found  moat  eSbctive  in  preventing  the  evolution  of  the 
bad  smell  which  ahnost  invariably  accompaniea  the  decompoedtioa 
of  oiganic  substances  when  exposed  to  the  atmosphere. 

The  average  volome  of  liquid  sludge  removed  per  day  &om 
the  tanks  for  the  past  thirteen  months  of  this  method  of  oleauing 
amonnts  to  690  cubic  yards  per  day  on  an  estimated  dry-weather 
flow  of  22,000,000  gallons  per  twenty -four  hours,  which  is 
equivalent  to  26 '22  cnbic  yards  per  1,000,000  gallons  treated. 
The  eSect  produced  by  this  system  of  &eqnent  cleaning  was  to 
iucreaae  the  volume  of  liquid  sludge  deposited  in  the  roughing 
tanks  by  44  per  cent.  Another  important  feature  resulting 
from  this  operation  was  the  efTect  produced  upon  the  heavier 
solids  consisting  mtunly  of  insoluble  and  inorganic  material, 
which  when  deposited  in  the  tank  and  allowed  to  remain  there 
for  an  extended  period,  as  had  been  the  case  hitherto,  became  so 
dense  Uiat  it  was  found  impracticable  to  remove  them  exc^  by 
means  of  a  dredger. 

As  a  result  of  the  more  frequent  cleaning  of  the  tanks  it  was 
found  quite  practicable  to  reduce  the  bulk  of  this  residual 
detritus,  by  carefully  mixing  during  the  process  of  cleaning  the 
heavy  gritty  material  vrith  the  lighter  sludge  in  a  marked  d^;ree ; 
so  much  so  that  a  decrease  of  50  per  cent,  was  obtained  in  Uie 
volume  of  the  material ;  it  has  been  found  impracticable  bo 
remove  the  residue  in  a  fluid  form  through  the  sludge. 

Under  the  old  system  of  cleaning,  this  detritus  averaged 
28  cubic  yards  per  day,  being  at  once  reduced  to  12  cubic  yards 
per  day. 

This  material  being  largely  inorganic,  and  consisting  mainly 
of  road  grit,  is  highly  beneficial  to  ^e  sludge  when  dug  into  the 
ground,  and  aa  the  result  of  some  16  months'  working  in  this 
form  it  may  be  stated  that  the  average  volume  of  solid  material 
idiich  it  has  been  found  impracticable  to  mix  through  the  sludge, 
and  has  thra«fore  to  be  removed  from  the  tank  in  dry  and  solid 
form,  does  not  exceed  12  cubic  yards  sludge  per  day  on  a  dry- 
weather  flow  of  22,000,000  gallons. 

The  liquid  sludge  is  now  trenched  into  ground  which  is 
chiefly  of  a  light  and  porous  character,  which  has  been  sub-soil 
dratned,  and  extending  from  Bromford  Bridge  to  Castle  Bromwich. 

The  area  of  ground  which  is  embraced  by  the  existing  sludge 
main  covers  366  acres,  and,  based  upon  the  volume  of  sludge 
deposited  at  the  outfall  works  at  the  present  time,  it  is  cmnputed 
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that  an  acreage  of  ground  amonating  to  80  acres  per  anmmi  is 
entirely  monopolised  by  sladge  trenches. 

Under  the  most  favourable  climatic  cooditiona  it  is  advisablo 
to  allow  the  sludge  deposited  in  the  trenches  a  rest  of  at  least 
two  years  before  it  is  sufficiently  decomposed  and  diaint^rated 
that  it  may  be  taken  and  used  for  re-sludging. 

At  the  present  time  it  may  be  stated  that  the  area  of  land 
which  is  dedicated  to  the  disposal  of  the  sludge  produced  at  the 
outfall  works  amounts  to  about  240  acres,  which  is  equivalent 
to  a  three  years'  cycle  of  80  acres  per  annum. 

The  present  method  of  trenching  the  sludge  into  the  ground 
consists  in  excavating  the  ground  in  a  series  of  long  parcel 
trenches  3  feet  wide  by  18  inches  deep,  the  space  between  each 
trench  being  left  3  feet  wide.  The  excavated  material  is  thrown 
up  ia  the  form  of  a  rampart  between  each  trench,  making  a  total 
available  deptii  of  3  feet. 

A  large  main  trench  is  formed  at  lig^t  angles  to  the 
subsidiary  trenches  into  which  the  liquid  sludge  is  pumped  from 
the  outMl  works. 

The  supernatant  water  and  thin  sludge  are  first  run  into  the 
trenches  and  allowed  to  fill  the  lower  ends,  the  thicker  material 
following  in  after  the  greater  part  of  the  water  had  become 
absorbed  in  the  sides  of  the  trenches.  Small  earthen  ramparts 
are  left  in  the  trenches  at  r^ular  intervals  of  about  20  yards  for 
the  purpose  of  intercepting  the  solids,  and  allowing  the  super- 
natant water  to  run  off  in  front. 

In  about  three  days  after  the  filling  of  a  trench  it  is  usually 
BufiBciently  consolidated  to  admit  of  a  light  covering  of  screened 
soil  about  1  inch  deep  being  spread  over  the  sorface,  and  after  a 
subsequent  interval  of  about  ten  days  for  further  consolidation 
the  bulk  of  the  sludge  has  generally  settled  down  to  about  one- 
half  of  its  original  depth  and  volume,  and  is  suf&ciently  solid 
to  allow  of  the  balance  of  the  excavated  material  being  filled 
into  the  trenches. 

In  the  course  of  a  few  weeks  it  is  generally  found  practicable 
to  excavate  intermediate  trenches  from  the  solid  ground  which 
was  originally  left  between  the  lines  of  the  first  trenches. 

Stiff  land  is  not  well  adapted  for  the  trenching  of  sludge  ; 
where  it  has  been  used  it  has  been  found  impracticable  te  cover 
in  the  filled-in  trenches  within  reasonable  time,  occasionally 
extending  to  several  we^s  owing  to  the  liquid  being  unable  to 
pereolate  through  the  sides  of  the  trenches. 
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In  hot  and  di7  weather  it  ia  abaolately  essential,  if  amell  la 
to  be  avoided,  that  the  sludge  should  be  covered  in  from  the 
atmosphere,  and,  faUing  Uiis,  some  means  found  to  counteract 
the  evil-smelling  odour  arising  &om  the  decomposition  of  the 
organic  matter  in  the  sludge.  During  a  recent  spell  of  hot 
and  dry  weather,  a  solution  of  bleaching  powder  containing 
hypo-chlorite  of  calcium,  having  36*35  per  cent,  of  available 
chlorine,  Tras  added  to  the  sludge  at  the  outfall  works,  experi- 
mentally as  a  deodoriaer,  in  the  proportion  of  35  lb.  by  weight 
of  solid  powder  to  20,000  gallous  of  sludge. 

It  has  been  demonstrated  that  the  dilorine  which  was  evolved 
from  the  mixture  counteracted  is  some  small  degree  the  effect 
of  the  odoore  arising  from  the  exposed  sludge, 

It  is  anticipated  that  the  action  of  the  bleaching  powder  will 
be  somewhat  detrimental  to  the  propagation  of  vegetable  growth, 
but  this  is  purely  a  temporary  disadvantage,  as  it  is  predicted 
tiiat  the  effect  of  the  hypo-chlorite  upon  the  soil  will  not  be  a 
permanent  one. 

The  prop^ation  of  septic  fermentation  in  the  finishing 
tanks  together  with  the  fi-equent  cleaning  of  the  roughing  tanks 
was  continuously  followed  for  a  period  of  thirteen  months.  As 
the  result  of  observations  taken  daring  that  period  it  was  con- 
clusively established  that,  although  the  efficiency  of  the  roughing 
tanks  tor  sedimentation  had  been  iocreased  44  per  cent,  the 
septic  tanks  gave  immlBtakable  evidence  of  becoming  inert.  It 
appears  to  be  a  speculative  question  as  to  why  this  should  have 
occurred. 

The  most  reasonable  theory  which  the  Author  can  put 
forward  to  account  for  this  phenomenon  is  to  the  effect  that  the 
increase  in  the  efTective  roughing  tank  capacity  produced  such  a 
d^ree  of  sedimentation  that  the  great^  bi^  of  the  organic 
substances  containing  the  fermentative  organisms  necessary  to 
promote  septic  action  were  deposited  as  sediment  in  the  roughing 
tanks,  and  the  finishing  tanks  were  therefore  deprived  of  the 
elements  upon  which  their  septic  action  depended 

To  remedy  thia  defect,  in  May  1904,  directions  were  given 
that  the  whole  of  the  lighter  organic  sludge  which  was  deposited 
daily  in  the  roughii^  tanks  should  be  pumped  ioto  the  septic 
tank  inlet  channels.  The  quantity  of  sludge  thus  transferred 
from  roughing  to  finishing  tanks,  has  been  gradually  increased 
during  the  last  three  months,  and  at  the  present  time  a  volume 
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equal  to  30  per  cent,  of  the  total  sludge  deposited  ia  daily 
passed  into  the  septic  tanks.  There  has  been  do  indication  titiat 
the  finishing  tanks  have  attained  their  nltimate  effideni^' ;  iiie 
fermentatiTe  action  was  almost  immediately  resbnod  and  is 
being  gradually  increased  month  by  month. 

It  will  not  be  practicable  at  the  present  time  to  indicate 
as  to  how  far  this  condition  may  be  further  established,  as  the 
publication  of  th^a  observations  is  contempoianeous  with  the 
final  results  indicated. 

It  is  interesting  to  observe  that,  as  a  result  of  3J  years' 
continuous  septic  fermentation  in  the  finishing  tanks,  extend- 
ing from  March  1901  to  May  1904,  the  residual  products 
deposited  therein  during  that  period,  and  which  it  baa  been 
deemed  advisable  to  remove  therefrom  in  the  form  of  sludge, 
has  only  amounted  to  the  volume  of  25,000  cubic  yards,  Uiat  is 
a  volume  equal  to  half  the  holding  capacity. 

An  analysis  of  the  reaidnum  deposited  in  the  tank  ia  as 
follows : — 

FRMBt. 

ToUtQe  And  orguiio  matter       ....    42-SO 

Sand  and  inaaluble  matter 18-60 

Othai  inorgulo  mftttei 30-10 

Total  .  100-00 

Totkl  nttngea  ia  abore,  2- 80  per  oaat 

The  septic  residnum  was  d^tosited  on  Itmd  in  a  layer  of 
about  15  inchee  deep.  It  gave  rise  to  no  offence,  no  smell  has 
been  detected  arising  therefrom,  and  after  lying  open  and  ex- 
posed to  the  action  of  the  atmcephere  for  six  months  and  being 
ploughed  over,  it  would  he  difficult  now  to  differentiate  between 
the  appearance  and  characteristics  of  natoral  sorface  soil  and 
this  material. 

There  appears  to  be  some  foundation  for  the  belief  that 
many  of  the  very  real  dif&culties  which  attend  the  removal  and 
disposal  of  sewage  sludge  may  be  alleviated  by  judicious  tank 
treatment,  and  it  appears  to  be  equally  essential  that  the  utmost 
care  and  regard  should  be  given  to  detail  in  the  application  of 
the  treatment,  and  to  the  design  of  those  works  dedicated  to 
the  various  functions  embodied  in  the  treatment  if  results  of  an 
efficient  and  generally  satisfactory  kind  are  to  be  produced. 

To  amplify  the  description  and  observations,  a  table  is 
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attached  to  this  paper,  embodying  the  results  of  the  five  distinct 
periods  in  the  modifcaUon  of  the  sewage  and  sludge  tank 
treatment,  which  the  Author  believes  will  assist  to  soine  degree  in 
focasing  the  cardinal  facts  so  that  they  may  be  readily  compared. 
In  conclusion,  the  Author  desires  to  express  bis  best  thanks 
to  Mr.  Watson,  the  engineer,  for  the  opportunity  he  has  given  to 
him  of  laying  these  observations  before  the  President  and 
Members  of  the  Association,  and  to  the  chemist  (Mr.  O'Shaugh- 
nessey)  and  other  gentlemen  who  have  so  kindly  assisted  T^jni  in 
the  preparation  of  the  contents,  which  the  Author  trusts  may 
have  afforded  some  little  interest  to  those  both  directly  and 
indirectly  connected  with  the  problem  of  sewage  purification. 

fiTATnotST  01  TBI  AvBBAaa  Tkablt  Ccbbrit  ExFEHBig  oooinonxD  bt 
tvx  Triathkit  or  Tm  BwwAat  n  Obekical  Pbboipiiatiov  mra  Ijki 

AND  DurOBU,  OF  TBI  Sloiiob. 

t.  4.     d. 

Coat  of  pndpltetion  and  olknniMlB  on  an  aieiase  drj- 

vesther  flow  of  20,000,000  galloua  per  day  .         .     4,882    9    S 

Coat  of  power  tued  in  laiiing  aliidge  from  tank  and 
deporiting  on  land  2S9,512  yaida  at  SSd.  per 
DDblc;ard 681    1    S 

Materia]!  and  labour  in  tank  oleoning  at  -STld.  pet 

oobio  j&rd 61 7    8    S 

Staoking  and  trenching  into  land  at  1 '  Gd.  pei  onbio 

jard 1,780    1    7 

8,496  cnbio  jardi  of  dstritoi  removed  ham  tank  by 

grab  at  Ii. 424  16    0 

Total  atmnal  ooat  of  ilndge  diapocal  during 

liming  opeiBtknu  at  7-2(1.  per  oubio  yard    £7,7S5  19  10 


Labonr  in  tank  cleaning:— 

Workmen'!  «^^    ,        .        .       974  12    0 
Clothing,  tooli,  eta.  .         .  20    0    0 

094  12    0 

Working  expeniea  of  iteam  plant 


EngiiuerB  and  ttoken  .         132  12    0 

.     (Ml,  warte,  etc         ...  IS    0    0 

Goal SIO    6    0 

655  18    0 

Tieoching  into  giDOnd  and  coToring  In  1,666  13    0 

8,000  oabia  jarda  detritoa  lemored  bj  grab  and 

Ukentolipatli 175    0    0 

Total  annnal  ooet  of  ramoTal  and  dispoaal 
of  250,000  onbio  yards  of  ilndge  by 
exiiUng  method  (eqnivalent  to  Z-9GBd. 
per  yard) £8,092    S    0 
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DB6CBIFTI0N  OF  Ifl£  P0SinCA.TION  WOBES 


DESCRIPTION  OF  THE  PtJEIFICATION  WORKS 

IN  COURSE  OF  CONSTRUCTION  AT 

MINWORTH  GREAVES. 

By  a.  BRYAN,  Ebsidbnt  Ehgihzee. 

GSKEIUL  DeSCBIPTIOK  OF  SiTB. 

The  works  being  constructed  by  the  Birmingham,  Tame  and  Beft 
District  Drainage  Board  for  the  bacterial  purification  of  sewage, 
are  situated  in  the  district  of  the  borough  of  Satton  Coldfield, 
and  are  distant  some  five  miles  &om  the  Outfall  Works  at 
Sattley. 

The  main  considerationa  whiiih  led  to  the  adoption  of  this 
site  are  briefly  as  fallows : — 

It  is  removed  from  large  centres  of  population,  and  not 
likely  to  be  afiected  by  the  encroachment  of  suburban  districts. 

The  natural  lerd  of  the  ground  gives  ample  head  for 
constructioBal  vork,  which  is  probably  one  of  the  greatest 
diffioolties  with  which  sanitary  engineers  have  to  contend  in 
designing  works  of  this  deacription. 

The  main  supply  conduit  traversing  the  &rm  is  laid  with  an 
hydraulic  gradient  of  2  feet  per  mile,  whilst  the  river  Tama 
IbJIs  about  9  feet  per  mile ;  th^  gives  at  the  site  of  the  works 
a  net  available  head  of  some  36^  feet ;  the  water  level  in  the 
silt  tanks  being  275 '  5  O.D.  and  the  invert  of  the  main  effluent 
channel  239  O.D. 

The  site  being  at  the  extremity  of  the  main  conduit  enables 
the  septic  action  begun  at  Saltley  to  be  continued,  and  as  the 
capachy  of  the  conduit  is  some  6,000,000  gallons,  an  appreciable 
area  of  septic  tank  room  is  saved. 

Deep  sedimentation  tanks  can  be  constructed  at  such  levels 
as  will  admit  of  their  being  syphtmed  ont. 
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The  constmction  of  the  primexjr  beda  does  not  entail  a  large 
amount  of  excavation  to  utilise  the  head  available. 

The  subsoil  of  the  aecondaiy  beds  is  of  sand  and  gravel, 
vhich  ia  being  used  for  constructional  purposes  and  for  medium. 

The  surplus  excavation  ia  utilised  for  filling  up  low  lying 
land  in  the  near  vicinity,  which  is  subject  to  floods  in  wet 
weather. 

The  boundaries  of  the  site  are  skirted  by  a  canal  and  rail- 
way, which  give  focilitiea  for  cheap  carriage  of  materials,  an 
important  feature  in  works  of  this  magnitude. 

The  subsidiary  works  in  connection  with  the  scheme  include 
a  canal  wharf  to  allow  of  six  boats  being  unloaded  at  one  time, 
a  railway  siding  for  eight  trucks,  and  a  length  of  4000  yards  of 
narrow  gauge  tramway. 


Description  of  Works. 

The  works  in  course  of  constmction  comprise : — 

1.  An  intake  chamber  to  form  the  connection  between  the 
ezistii^  main  supply  conduit  and  the  new  works,  in  which  is 
fixed  an  apparatus  for  automatically  r^ulating  the  flow  of 
sew^e,  so  that  in  dry  weather  a  constant  volume  will  be 
delivered  to  the  bacteria  beds. 

2.  A  aeries  of  silt  or  sedimentation  tanks  to  remove  the 
suspended  and  fioating  matter  present  in  the  septicised  sewage. 

3.  An  installation  of  primary  percolating  beds  to  effect  a 
partial  purification  of  the  sewage. 

4.  The  provision  in  the  main  effluent  channel  &om  the 
primary  beds  of  a  sedimentation  tank  to  arrest  the  humus  in 
the  filtrate. 

5.  An  installation  of  secondary  percolatii^  beds  to  complete 
tbo  work  of  purification  in  the  event  of  land  not  being  available 
for  the  purpose. 

Intake  Chamber. 

The  connection  to  the  existing  main  supply  conduit,  which 
at  the  site  of  the  works  is  an  hydiaolic  main  54  inches  in  dia- 
meter, was  made  by  cutting  out  a  length  of  pipe  and  inserting 
a  42-inch  on  64rinch  junction  pipe. 

The  existing  54-inch  pipe  was  cut  by  drilling  holes  }  inch 
D  2 
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in  diameter,  spaced  at  l^-iocli  centres  round  the  circiunference. 
This  was  done  whilst  the  sewage  was  flowing,  the  holes  being 
plugged  with  hard-wood  pings.  The  sewage  was  then  shut  off, 
the  metal  between  the  holes  cut  with  chisels,  and  the  pipe 
broken  with  a  heavy  weight,  after  the  manner  of  a  pile-driver, 
and  forced  off  with  drifts.  This  operation  was  carried  out 
during  the  August  holidays  when  the  flow  of  sewage  was  small. 
The  junction  and  the  making  up  length  of  pipe  were  inserted,  and 
the  joints  made  good  with  double  collars  run  with  lead,  and 
caulked  inside  with  rust  cement. 

A  42-inch  diameter  sluice-valve  was  then  bolted  to  the 
junction,  which  enabled  the  sewage  to  be  turned  on  and  the 
remainder  of  the  connection  made  at  leisure.  Tlis  *ork  was 
successfully  carried  out  by  the  contractor  after  sixty  hours'  con- 
tinuous work. 

The  intake  chamber  consists  of  an  inlet  sump,  in  which  is 
fixed  an  hydraulic  penstock,  42  inches  in  diameter,  forming  part 
of  an  apparatus  for  automatically  regulating  the  flow  of  sewage^ 
and  a  rack  and  worm  penstock,  42  inches  in  diameter,  which 
will  be  used  when  the  wat«r  supply  actuating  the  hydraulic 
penstock  is  shut  off. 

An  overflow  weir,  9  feet  in  width,  is  constructed  in  the 
upper  part  of  this  chamber,  over  which,  in  times  of  storm,  an 
excess  volume  of  diluted  sewage  will  be  passed  to  the  beds. 

The  sewage  passes  through  the  hydraulic  penstock  into  a 
large  gauging-pond,  in  which  its  velocity  is  checked  before  it 
passes  over  the  main  r^ulating  weir  of  the  apparatus. 

A  portion  of  this  chamber  is  enclosed  to  afford  protection  to 
the  float  and  ai^usting  mechanism ;  the  sewage  flows  over  the 
weir  into  the  outlet  bay,  and  thence  to  the  silt  tanks. 

Wash-out  valves,  emptying  into  the  silt  main,  are  provided 
for  cleaning  out  the  various  chambers. 

The  level  of  the  sewage  in  the  main  supply  conduit,  which 
is  8  feet  in  diameter,  varies  some  5  feet  to  6  feet  during  the  24 
hours,  and  some  means  were  necessary  to  ensure  that  in  dry 
weather  a  uniform  volume  should  pass  to  the  beds. 

After  a  careful  consideration  of  schemes  involving  the  use  of 
floating  arms,  both  vertical  and  horizontal,  sluices  opening  in 
proportion  to  the  head  of  water,  etc,  an  apparatus  designed  by 
Messrs.  Dodd  and  Dodd,  of  Birmingham,  was  adopted  as  being 
^e  most  suitable  for  the  pnipoae. 
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Doddi  Apparatue. — The  principle  of  the  apparatus  may  be 
briefly  deacribed  as  follows : 

liie  variation  in  the  height  of  water  flowing  over  a  weir 
Taises  or  de|a«eseB  a  float,  which  seta  in  motion  t£e  piston  of  a 
regulating  valve,  controlling  the  water  supply  to  an  hydtsnlic 
cylinder,  and  which  in  turn  opens  or  closes  a  penstock  fixed  on 
the  main  sewer. 

The  piston  of  the  hydraulic  cylinder  is  coupled  directly  to 
the  42-inch  penstock,  the  working  areas  above  and  below  the 
piston  being  80  square  inches  and  36  square  inches  respectively, 
by  which  means  about  one-half  of  the  quantity  of  water  other- 
wise requisite  to  work  the  apparatus  is  saved,  as  only  the  water 
admitted  to  the  top  of  the  piston  is  dischaiged  through  the 
{     exhaust  pipe. 

The  water  supply  for  working  the  apparatus  is  obtained  from 
the  public  water  service  under  a  piessuie  of  about  100  lb.  per 
I     sqaare  inch. 

The  supply  of  water  to  the  cylinder  is  controlled  by  a  small 

I     T^ulating  v^ve  or  cylinder,  fitted  with  piston  valves  havii^  a 

stroke  of  |th  of  an  inch,  worked  by  means  of  a  copper  float 

I     3  fe^t  in  diameter,  the  arms  of  the  connecting  lever  being  in  the 

ratio  of  2  to  1,  so  that  a  variation  exceeding  -^th  of  an  inch 

above  or  below  the  normal  height  of  water  flowing  over  the  weir 

for  (he  volume  required  is  sufficient  to  set  the  apparatus  in 

I    motion.     The  float  in  consequence  rises  or  falls,  and  operating 

Uu)  regulating  valve  aUowa  water  to  be  admitted  to  the  hydranlic 

cylinder,  which  opens  or  closes  the  penstock  as  the  case  may  be. 

Should  the  volume,  due  to  the  small  depth  in  the  main 

■ewer,  be  lees  than  that  which  the  apparatus  is  adjusted  to  pass, 

die  penstock  remains  open. 

A  pointer,  workii^  in  connection  with  an  indicator  plate,  is 
fixed  to  the  float  rod ;  the  indicator  plate  will  be  graduated  in 
place  with  the  depth  of  water  flowing  over  the  weir  correspond- 
ing to  the  various  volumes  required,  and  the  calculated  heights 
vUl  be  checked  by  direct  measurement  of  quantities  passed  into 
the  silt  tajiks  during  observed  periods. 

In  setting  the  apparatus  to  deliver  any  desired  volume,  the 
piston  of  the  r^^ulating  valve  is  fixed  in  a  central  position  by 
means  of  a  handle  and  pin,  and  the  float  adjusted  to  the  height 
marked  on  the  indicator  plate  by  means  of  a  thumb-screw  on 
the  float  rod ;  the  piston  is  then  released  and  the  apparatus  is 
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ready  for  vork ;  an  easy  and  accurate  meana  of  pafismg  any 
desired  volume  of  sewage  to  the  bacteria  beds  is  tbns  eusuxed. 
Tbe  sewage  irom  tbe  intake  chamber  flows  through  cast-iron 
pipes,  ranging  in  diameter  &om  42  inches  to  24  inches,  into  the 
silt  tanks. 

Silt  Takes. 

Hib  silt  tanks  are  five  in  number,  and  are  of  the  type  known 
as  Dortmund  tanks. 

They  are  44  feet  in  diameter,  and  33  feet  6  inches  deep  from 
copii^  level  to  tbe  bottom  of  the  sump,  the  lower  portion  being 
in  the  form  of  an  inverted  cone,  having  a  batter  of  1  to  1. 

The  subBoU  is  of  stiff  red  marl,  with  thin  veins  of  mag- 
nesium limestone,  and  the  excavating  was  carried  out  without 
the  nse  of  timbering,  the  water  leaking  into  the  tanks  being 
kept  down  by  the  occasional  use  of  an  ordinaiy  hand  pump. 

An  annular  trench  was  first  excavated,  and  the  concrete 
foundation  for  the  vertical  walls  put  in  place,  the  walls,  which 
are  of  brindle  brickwork,  set  in  cement  mortar,  were  then  car- 
ried up,  the  central  core  and  conical  portion  excavated. 

Tbe  concrete  lining  of  the  lower  part  is  2  feet  in  thickness, 
and  was  put  in  place  in  l&yeia  without  the  \ise  of  sheeting,  and 
rendered  with  cement  mortar. 

The  collecting  channels  have  been  designed  on  somewhat 
different  lines  to  the  usual  method ;  it  being  found  that,  owing 
to  the  tanks  being  of  necessity  above  ground  level,  the  ordinary 
collecting  channel  round  the  circumference  would  be  costly,  and, 
moreover,  some  support  would  be  necessary  for  the  inlet  pipe, 
and  to  afibrd  means  of  access  to  tbe  cleaning  out  branch  of  tbe 
vertical  silt  pipe. 

The  collecting  trough  la,  therefore,  designed  to  be  suspended 
from  girders  spanning  the  tanks. 

The  girders  are  of  the  ordinary  hog-back  type,  with  side 
gangways  carried  on  cantilevers,  and  have  a  total  length  of 
45  feet  6  inches,  the  depth  at  the  centre  being  4  feet  9  inches, 
and  at  the  ends  2  feet  6  inches. 

The  main  flanges  are  formed  of  S^-inch  by  3j^-incb  by  |-inch 
angles,  the  verticals  of  2i-inch  by  2^-inch  by  -^^-inch  angles, 
and  the  tension  bars  and  cross  bracing  of  2^inch  by  ■]'^-inch 
bars. 

The  collecting  trough  is  of  -j^-inch  plate,  and  is  supported 
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on  2j^-i]ich  by  2i-uich  by  |-incli  angle  &unes  secured  to  4-inch 
by  3-inch  by  |-inch  angle  beareis  riveted  to  the  lower  flange  of 
the  girders ;  on  these  bearers  are  also  fixed  the  joists  supporting 
the  gangways,  which  are  of  9-incb  by  3-inch  creosoted  red  deals. 

The  trough  is  fitted  on  each  side  with  adjustable  weir  plates 
3  inches  by  -^  inch,  having  a  total  length  of  about  70  feet. 

Provision  is  made  to  retain  any  scum  and  floating  matter  by 
means  of  scum-plates  1  foot  9  inches  deep,  fitted  between  the 
cantilever  brackets. 

The  tanks  are  protected  with  a  handrail,  and  fitted  with 
vertical  ladders  extending  from  the  girder  to  the  bottom  of  the 
samp. 

The  trough  is  connected  to  the  pipes  supplying  the  beds 
with  steel  bends  18  inches  in  diameter. 

The  inlet  pipes  are  formed  of  riveted  steel  pipes  24  inches 
in  diameter,  suspended  from  the  girders  by  means  of  angle  straps. 

Although  a  number  of  these  tanks  have  been  constructed  in 
this  country,  no  information  waa  available  as  to  the  most  suita- 
ble depth  to  take  the  inlet  pipes;  they  have,  therefore,  been 
made  temporarily  of  various  lengths,  varying  from  15  feet 
9  inches  to  19  feet  9  inches  below  water  level,  and  will  be 
shortened  or  otherwise  in  accordance  with  the  results  obtained 
from  the  working  of  the  different  tanks. 

The  silt  accumulating  in  the  sump  and  the  lower  part  of  the 
cone  will  be  forced  through  the  vertical  leg  of  the  silt  pipe 
under  a  pressure  of  10  feet  head  of  water  and  discharged  on  to 
the  farm  lands  tJirough  a  12  inch  cast-iron  silt  main  1350  yards 
in  length. 

The  silt  'main  ia  of  cast-iron  pipes  and  will  be  utilised  to 
syphon  out  the  tanks  in  case  they  require  emptying,  the  outlet 
being  at  such  a  level  as  will  admit  of  this  being  done  to  within 
a  few  feet  of  the  bottom,  and  leaving  only  a  small  quantity  to 
be  dealt  with  by  pumping. 

The  combined  cubic  capacity  of  the  five  tanks  is  807,000 
galloas. 

The  normal  flow  ia  42,000  gallons  per  hour,  which  gives  an 
upward  velocity  through  the  cylindrical  portion  of  the  tank  of 
4 '  4  feet  per  hour,  and  a  period  of  sedimentation  of  4  houra. 

The  sewage  passes  from  the  silt  tanks  to  the  bacteria  beds 
thiongh  a  system  of  cast-iron  pipes,  varying  in  size  from  36  inches 
to  21  inchra  in  diamet^. 
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£XFEBIUENTAL  BbDS. 

An  inatallation  of  1^  acres  of  single  percolatdog  beds,  and 
wMcIl  may  perhaps  be  termed  "experimental  bede,"  hoa  been 
constructed  and  is  now  at  work. 

The  beds  are  five  in  nnmber ;  fonr  of  these,  known  as  the 
"  A,  B,  C  and  D "  beds,  are  circular,  each  having  an  area  of 
i  acre ;  the  remaining  bed  "  E  "  is  of  the  rectangular  type  and 
i  acre  in  estent. 

The  circular  beds  are  constructed  wholly  above  ground  level, 
and  are  120  feet  in  diameter,  the  average  depth  of  medium  being 
7  feet, 

JBed  "  A." — Bed  "  A  "  is  formed  with  a  concrete  floor  6  inches 
in  thickness,  having  a  fall  of  9  inches  from  the  centre  to  the 
circumference,  around  which  an  open  concrete  channel  12  inches 
wide  is  constructed. 

A  coverod  channel  extending  to  the  centre  was  built  for 
experimental  purposes,  the  walls  of  whidi  at  springing  level  are 
pierced  with  holes  4  inches  in  diameter,  a  pear-shaped  depression 
being  formed  in  the  bed  to  drain  to  this  channel 

The  floor  is  chiefly  covered  with  a  layer  about  12  inches  in 
thickness  of  large  slag  for  draining  purposes,  and  for  a  small 
area  with  semicircular  stonewai«  tHes,  which,  however,  are  not 
carried  through  the  walls ;  the  purifying  medium  consists  of 
hard  ball  slag,  broken  and  screened  to  the  following  sizes  and 
d^ths: — 3  feet  of  2i^inch  gauge;  1  foot  of  li^inoh  gauge; 
1  foot  of  1-inch  gauge;  2  feet  of  i-inch  gauge. 

The  dry  rubble  wall  supporting  the  medium  is  built  of  large 
pieces  of  slag,  and  is  3  feet  tiiick  at  the  base  and  1  foot  6  inches 
at  the  top. 

Shortly  after  the  wall  was  built  and  before  the  medium  was 
put  in  place,  portions  of  it  gave  away,  and  on  investigating  the 
matter  it  was  found  that  the  slag  contained  a  large  number  of 
fine  cracks  running  in  all  directions ;  these  cracks  had  opened 
out  and  caused  the  blocks  to  split 

The  wall  was  strengthened  by  means  of  three  wrought-iron 
bands,  tightened  with  straining  screws,  and  wec^^ed  with  hard 
wood.  Since  this  was  done  the  wall  has  not  given  trouble, 
although  one  portion  has  moved  sightly  and  on  one  occasion 
burst  the  rivets  connecting  the  bands. 
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The  aew^e  ia  distributed  over  tbe  surface  of  the  bed  by 
means  of  an  mtenuitteat  tevolving  distributor  on  the  system  of 
Messrs.  Mather  and  Piatt. 

The  height  of  the  sewage  in  the  supply  tank  at  the  com- 
mencement of  the  dischai^  is  about  3-2  feet  above  the  bottom 
of  the  trough  forming  Uie  arm  of  the  distributor. 

The  power  is  obtained  principally  &om  the  turbine  forming 
the  centre  of  the  apparatus,  the  greatest  height  of  sewage  in  the 
trou^  being  some  4^  inches,  the  power  obtained  from  the  re- 
action of  the  jets  under  this  head  being  of  very  little  assistance 
in  turning  the  apparatus. 

The  sewage  is  applied  intermittently  in  doses  of  about  1600 
gaUons  every  9^  minutes,  tbe  rate  of  discharge  on  to  the  bed 
varyli^  &om  700  gaUons  per  square  yard  per  day  to  zero,  and 
is  spread  over  a  period  of  4^  minutes,  the  filling  of  the  tank 
taking  up  tbe  remainder  of  the  5  minutes. 

Bed  "B." — Bed  "B"  is  constructed  with  a  concrete  floor 
formed  with  ridges  at  the  circumference  and  at  the  diameter ; 
the  floor  has  a  fall  of  6  inches  from  the  ridges  to  two  covered 
concrete  channels,  12  inches  by  9  inches,  carried  across  the  bed, 
and  dividing  it  into  approximately  equal  areas.  These  discharge 
into  an  open  briclc  channel  formed  round  a  portion  of  the  circum- 
ference. 

The  floor  is  covered  with  an  open  or  aerating  floor  of  semi- 
circular stoneware  tiles  carried  through  the  walls. 

On  this  floor  is  laid  the  pnrifylDg  medium,  consisting  of 
screened  gravel,  obtained  firom  excavations  on  the  estate,  con- 
taining a  percentage  of  broken  stones.  The  sizes  and  depths 
are  :~3  feet  of  2^iucli  gauge,  2  feet  of  li^inch  gauge,  1  foot 
6  inches  of  1-inch  gauge,  and  6  inches  of  i  to  i-inch  gauga 

About  one-half  of  the  medium  was  washed  before  being  put 
in  place. 

Tbe  medium  is  supported  by  means  of  a  diy  rubble  wall, 
built  of  qiiartzite,  from  the  HartshiU  quarries  at  Nuneaton,  the 
thickness  at  tbe  base  being  3  feet ;  the  back  is  vertical,  and  the 
foce  has  a  batter  of  5  to  1. 

The  haunches  of  Uie  tiles  are  levelled  up  with  concrete,  and 
the  base  stones  set  in  mortar.  The  wall  is  strengthened  with 
concrete  ties  spaced  about  8  feet  apart  horizontally  along  the 
centre  line,  and  the  top  stones  of  the  wall  are  set  in  mortar,  to 
form  a  means  of  access  round  the  bed. 

The  revolving  distributor  is  of  the  Adams  type,  and  has 
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been  somewhat  modified  and  fitted  witli  vanes  to  aaeaat  it  in 
windy  weather, 

£ed  "G. " — The  floor  of  bed  "  C  "  is  formed  similarly  to  that 
of  bed  *'  B,"  and  is  covered  with  an  aerating  floor  of  flat,  blue 
brick  tiles,  which  are  carried  through  the  walla  of  the  bed. 

The  poriiying  medium  consiats  of  broken  bine  bricks,  laid 
to  the  following  sizes  and  depths : — S  fiaet  of  2^  to  3-inch  gauge, 
1  foot  9  inches  of  l^-inch  gauge,  1  foot  6  inches  of  l-inch  gauge, 
and  9  inches  of  ^-inch  gau^ 

The  sewage  is  applied  to  tiie  bed  hf  means  of  a  mechanic^ 
distributor  of  the  Scott-Moncrieff  type,  which  consists  of  a 
Warren  girder,  having  the  lower  boom  in  the  form  of  a  troogh ; 
one  side  of  the  troi^h  is  pierced  with  rectai^ular  openings, 
fitted  with  sliding  doors,  through  which  Uie  sewage  flows  into  a 
smaller  trough  divided  into  bays,  and  fitted  with  adjustable, 
corrugated  weir  plates,  the  flow  bedng  equalised  by  means  of 
baffle  plates,  whicb  give  an  accurate  distribution  over  the  sur- 
face of  the  bed. 

The  centre  of  the  apparatus  consists  of  an  ordinary  packed 
gland-joint,  and  is  supported  on  a  horizontal  ball-bearing. 

!nie  outer  end  of  the  girder  is  enlarged  to  form  a  house  in 
whidi  a  b\(  H.P.  Tangye  oil  engine  is  fixed.  The  engine  makes 
about  280  revolutions  per  minute,  and  is  geared  so  that  the 
distributor  revolves  onoe  in  7^  minutes. 

Hie  power  is  transmitted  through  a  single  driving  wheel,  and 
any  surging  motion  is  taken  up  by  two  idle  wheels  or  rollers. 

The  weight  on  the  driving  wheel  is  about  13^  tons,  and  the 
apparatus  requires  6  H.F.  to  start  it,  but  2  H.F.  is  sufficient  to 
overcome  the  tractive  resistanoe ;  it  travels  round  a  circular 
path  formed  of  a  heavy  bridge  rail  riveted  to  an  8-inch  steel 
joist. 

This  distribution  was  originally  erected  at  Saltley,  and  was 
supported  on  briek  piers  fitted  with  cast-iron  chairs,  and  the 
girder  rail  was  designed  for  this  purpose. 

It  was  found  that  the  girder  and  rail  moved  round  on  the 
chairs  in  a  direction  contrary  to  the  direction  of  the  machine 
and  displaced  the  bedstones  under  the  chairs  and  also  several  of 
the  piers.    It  has  therefore  been  erected  on  a  continuous  wall. 

The  w^  is  5i^  feet  in  height,  and  has  a  thickness  varying 
firom  3  bricks  at  the  base  to  1^  bricks  st  the  top,  and  is  built  ^ 
brindle  bricks  set  in  hydraulic  lime  mortar.    A  continuous  oak  i 
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sleeper,  12  inches  by  6  inches,  is  placed  between  the  wall  and 
the  rail,  and  secured  to  the  wall  with  long  bolts,  the  rail  beii^ 
iastened  down  with  coach  screws ;  there  is  still  a  somewhat 
large  amount  of  vibration,  and  it  is  proposed  to  fit  the  idle 
wheels  with  spring  bearings  in  order  to  reduce  this. 

The  oil  engine  will  in  the  near  future,  when  the  electrical 
power  scheme  is  completed,  be  replaced  by  a  variable  speed 
electro-motor. 

Bed  "  D." — The  concrete  floor  of  bed  "  D  "  is  constructed 
with  a  ridge  across  the  diameter,  having  a  fall  of  9  inches  each 
way  for  a  width  of  66  feet,  and  for  the  remainder  of  the  outer 
segments,  where  the  length  rapidly  decreases,  a  faH  of  6  inches. 
An  open  biick  chancel  is  carried  round  the  circumference. 

The  floor  is  cov^ed  with  an  aerating  floor  of  semi-circular 
stoneware  tilea  earned  through  the  walls. 

One  half  of  the  bed  is  filled  for  the  whole  depth  with  a 
medium  of  washed  Hartshill  granite  chippii^,  &om  j  inch  to 
H  inch  in  size,  and  the  other  with  Bosthill  granite  of  the 
following  sizes  and  depths : — 5  feet  of  2^  to  3^  inches,  1  foot 
6  inches  of  1^  inch,  and  6  inches  of  |  inch. 

This  bed  has  been  constructed  with  a  system  of  aerating 
pipes  liud  in  the  medium. 

The  pipes  are  the  ordinary  land  tiles  in  use  on  the  farm, 
3  inches  in  diameter,  and  are  placed  in  three  tiers  at  vertical 
distances  of  1  foot  9  inches ;  and  with  the  exception  of  the  lines 
of  pipes  laid  across  the  diameter,  which  open  into  a  circular 
wdl  surrounding  the  centre  of  the  distributor,  the  pipes  extend 
through  &om  side  to  side  of  tiie  bed. 

On  plan  they  form  squares  having  sides  of  15  feet,  the 
junctions  being  formed  of  special  pipes  cut  off  to  form  a  cross 
when  laid. 

The  uppet  and  lower  tiers  are  laid  at  an  angle  of  45  degrees 
tight  and  left  to  the  centre  tier.  The  wall  supporting  the 
medium  is  aiTwilur  to  that  surrounding  bed  "  B." 

The  sewage  is  distributed  by  means  of  a  Candy  Whittaker 
Buoyant  Distributor. 

The  efBuent  chambers  to  these  beds  are  formed  with  a  floor 
sloping  to  a  sump  to  retain  any  suspended  matter  in  the  effluent. 

Washout  pipes  are  fixed  to  each  bed,  in  order  to  cleanse  the 
arms  of  the  distributors,  these  discharge  into  a  wasbont  drain 
9  inches  in  diameter,  to  which  are  also  oonneoted  the  sumps  in 


Dig-izedbyGOOgk- 


44  '   DMCRIPTION  OF  TBI  PURIFICATION   WOHKS 

the  effluent  chambers  and  the  sapply  pipes  to  the  beds,  bo  that 
the  whole  system  of  pipes,  etc,  can  be  periodically  fluked ;  the 
drain  is  450  yards  in  length  and  diacharges  on  the  farm  lands. 

Bed  "E." — Bed  "E"  is  of  the  rectangular  type,  and  is 
240  feet  in  length  and  92  feet  wide,  and  is  constructed  below  the 
ground  level. 

The  fioor  is  of  concrete,  laid  with  a  fall  of  1  in  240,  and  is 
covered  with  an  aerating  floor  of  semicircular  stoneware  tales, 
which  are  carried  through  the  end  walls.  The  effluent  is  collected 
in  an  open  brick  channel  formed  along  die  lower  end  of  the  bed. 

The  ends  of  the  beds  are  excavated  to  the  level  of  the  floor 
and  ramped  back  to  give  a  free  circulation  of  air. 

The  sides  of  the  bed  are  excavated  vertically  and  the  medium 
filled  in  directly  against  the  ground. 

The  medium  is  of  screened  ashes  and  clinkers,  which  form  the 
waste  from  the  city  gas  works,  and  of  which  some  60,000  to 
80,000  cuIhc  yards  have  been  used  for  constructing  the  founda- 
tion of  the  farm  roads. 

The  medimn  is  laid  to  a  depth  of  6  feet,  the  lower  3  feet 
being  of  a  large  size  (&om  3  to  6  inches)  and  the  remainder 
passed  through  a  l^-iuch  screen. 

The  sew^e  is  distributed  by  means  of  a  system  of  fixed 
sprays. 

The  bed  is  divided  into  four  bays,  each  \  acre  in  area. 

The  bays  are  independently  supplied  with  sewage  through 
two  8-inch  diameter  pipes  spaced  at  56  feet  centres,  connected 
to  the  21-inch  diameter  main  supply  pipes  and  controlled  by 
sluice  valves  fitted  with  indicators.  The  pipes  are  reduced  to 
6  inches  in  diameter  halfway  across  the  bed. 

Junctions  are  fixed  in  tiie  supply  pipes,  in  which  are  fitted 
parallel  lines  of  distributing  pipes  3  inches  in  diameter,  spaced 
at  9  feet  centres. 

The  pipes  are  supported  on  the  medium  by  means  of  cast- 
iron  chairs  12  inches  in  diameter. 

The  dislxibuting  pipes  are  formed  of  light  hot  water  pipes, 
havii^  a  thickness  of  about  -^  inch  and  cast  with  bosses  spaced 
at  4-feet  6-inch  centres  in  which  are  fitted  the  brass  sprinkler 
jets.  The  pipes  are  jointed  with  a  patent  flexible  joint  made 
by  Messrs.  Jones  and  Attwood,  of  Stourbridge. 

The  supply  pipes  are  carried  across  the  bed  and  connected 
to  the  washoi^  main  before  described. 
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Febcolatino  Beds. 

The  percolating  beds  now  being  constructed  sie  four  in 
number,  each  having  an  area  of  one  acre. 

They  are  of  the  rectangnlar  type,  and  are  460  feet  long,  and 
100  feet  wide. 

The  floor  is  of  concrete,  laid  with  a  fall  of  9  inches  across 
the  bed,  which  is  entirely  covered  with  an  aerating  floor  of  aemi- 
circular  stoneware  tiles  on  which  the  medium  is  laid. 

The  medium  of  primary  beds  Nos,  7  and  8  is  of  broken  blue 
bricks  of  the  following  sizes  and  depths :  2  feet  €  inches  of 
2^  to  3-incb  gauge,  I  foot  of  l^-indi  gaug^  1  foot  of  1-inch  gauge, 
6  inches  of  ^inch  gauge,  the  bricks  f^ter  breaking  screening  out 
in  these  proportions. 

The  medium  of  primary  bed  So.  6  and  the  secondary  bed 
vUl  be  formed  with  a  layer  12  inches  in  thickness  of  3-inch 
broken  granite,  covered  with  4  feet  of  washed  HartshiU  granite 
chippings  j-inch  to  1^-inch  gauge. 

The  beds  are  aurronnded  with  walls  of  rubble  granite  built 
in  a  similar  manner  to  those  of  the  experimental  beds,  the 
thickness  at  the  base  being  2  feet  6  inches,  and  the  face  having 
a  batter  of  5  to  1. 

The  collecting  ohannela  extend  the  whole  length  of  the 
longer  side  of  the  beds,  and  are  built  of  brindle  brickwork,  and 
widened  out  to  form  gauging  basins  before  joining  the  main 
effluent  cdiannels. 

The  walls  of  the  channels  are  built  in  horizontal  courses, 
coped  with  special  coping  blocks,  over  which  the  effluent  flows ; 
the  inverts  are  of  radiated  bricks  laid  with  a  f aU  of  1  in  900,  and 
finished  against  the  side  walls  with  a  specially  made  brick  to 
obviate  cutting  the  bricks  at  the  joint  between  the  walls  and 
invert. 

The  sewage  is  distributed  by  means  of  fixed  sprinklers  laid 
in  the  manner  described  in  connection  with  experimental 
bed"E." 

Humus  Tank. — The  humus  tank  constructed  in  the  tnain 
effluent  channel  from  the  primary  beds  is  of  similar  design  to 
the  silt  tanks,  except  that  it  is  the  form  of  half  a  tank,  a 
tumbling  bay  leading  to  the  supply  channel  to  the  secondary 
beds  taking  the  place  of  the  other  half.     The  emptying  pipe 
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is  connected  to  tlie  sQt  main,  and  discharges  on  to  the  &nn 
lands. 

The  works  with  the  exception  of  the  IJ^  acres  of  experimental 
beds,  which  have  been  constructed  by  diiect  labour  imder  the 
Author's  supervisioii,  are  being  carried  out  by  the  following 
firms :  conatructional  work,  Mr.  W.  Gnnliffe,  Birmingham ;  cast- 
iron  pipes.  The  Clay  Cross  Iron  C!o. ;  sluice  valves,  Messrs.  Guest 
and  Chrimes,  Botherham ;  special  distributii^  pipes  and  flexible 
joints,  Messrs.  Jones  and  Attwood,  Stourbridge ;  aerating  floor, 
Mr.  H.  B.  Mansfield,  Church  Grealey  ;  medium  (bricks),  Messrs. 
Freakley  and  Co.,  Tipton ;  medium  (granite),  Jees  Hartshill 
Granite  Ca,  Atherstone. 


Con  01  1  Aou  OF  Air  Iitstallatiox  oj 

e  AtnmtM 

Fbucabt  Beds. 

Ezoantor,  nwb  Bud  path* 

OoDonte  floor 

Tile  floor 

RnbUe  walli 

Chwuwli 

650 
.       788 

800 

231 
.        2M 

IM 

£2,84* 

Bnpply  uid  wuhont  ptpw 

448 
258 
104 
50 

£950 

Fnportioii  of  maJn  nin>Ir  pipM 

.     £148 

H«ditim,  >t  6i.  8(L  a  oabfo  Tud 

.         .  £2,500 

AMWMory. 

Oonitrnetfoiua 2,844 

....    1.003 
.    voo 

ToUl    £6,487 
8  JdTH,  £51,100. 


Bnppbr  ud  diitribntion 
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Cor  or  1  Aou  or  is  InTALLATiox  or  i  Aobh  or 

BaoOKDiAT  Bbm. 

(ODMtrMetal  by  Ominxt) 

Exeanlor,  rmdi  and  paths        ■  •     .         .                  .  2Jlfl6 

GoDoete  floor  774 

TitoflooT !  800 

Bobble  wall 215 


Pnportion  of  nuin  channels      •         .         .         .         ,        154 
£4,751 


DuMbutuni. 


FnqwrtkH)  of  asin  nipply 
Bnpply  and  iraslKiat 
^paonbedi  . 
Dutribation  pipea 
SprinUen 


MedJnm,  kt  6*.  8d.  a  cnMc  jsrd 


4.761 

iZii 1-408 

jaeaiDin          •■......  SJtOO 

Total  £8,659 

4  .dimi,  £84.686. 


Cow  Of  CcmPLRv  LnruuTioN  w  12  Aobm. 

PrimMy  beds  (8  aerea)     ...  Rl  loft 

BoooDdar;  bedii  (4  aoiM).         .  u'^ 

Silt  tank.,  pipe.,  etc        ..'.''      sls^ 

Hnmna  tuik  ,         .         ,  "         '         '         ww 


ExpraM.  of  oontnote 


2,000 


M  of  land  at  £180  pel  acre       ....       2,340 
£99,729 
Oi*  «!^  .empWi  ftwtoaufcii  per  a*™,  £8,810. 
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Covr  OP  C1BCTI1.AB  Bed  "A"  (7  rtR  JOEr). 
ICatilnieUd  fiy  AdmMdratum.) 

EtoftTatot,  roadi  bud  paths 

CoDcrete    .........     2 

Tile  floor   .        .        .' 

Bobble  wftU l: 

Obinneli,  manholes,  eto. 

Bfflnflnt  pipes,  eta 

PiDportioD  ofgeuenl  laboor  and  plant .        .        .        .      ' 


:    :    ;  JS 

£415 

Medlnm  (slag)  at  8^  6rf.  a  onbio  yard 

.  £950 

BmitmaTg. 

Total    £1,924 

£1,924  par  gvartar  aere  bed. 
Not«. — The  main  effluent  channel  is  existing  and  ia  not  taken  into  aoooi   , 


Cow  w  CiBOCUB  Bv>  "B"  {7  trar  diep). 
(OHutnusM  is  AdmintitnUitm.) 

Excavatw,  roads  and  patbi 
Concrete  floor     , 
Tjle  floor  , 

Rabble  wall 
Channel,  manhole,  etc 
Effluent  and  washont  pipes. 
FioportioD  of  general  lahoor  and  plant 


Froporttonof  main  snppi;  pipes  . 
Bapplr  pipes,  etc 
JMBtribntoi  and  fixing^ 


Hedinm  (graTSl)  at  4i.  Gd,  a  onlna  yard 


Conatruotional GI3 

DiitribntioD 249 

Hedinm 660 

Total    £1,605 
£1,005  per  {warier  oers  bed. 

N«U,—The  mia  effluent  ehannel  is  »siating  and  is  not  taken  inUt  aoaei 
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BETtlL    OF    DISTRIBUTIMC  W>ES 
BtP  E 


jniJMeyGoOgle 
TofoM 
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Cost  or  Ouchlab  Bkd  "  0  "  (7  rsn  dekpX 
iCoHitnettd  by  AdntiniitTatioa.') 

EicavKtoi',  nwda  uid  patliB 61 

Concrete  floor 175 

Tila  floor 203 

Wall  (brick) 246 

Channel,  nukiiholea,  etc        ......  70 

Effluent  and  vHahcmt  pipes ......  7 

Proportion  of  gcmeral  labour  snd  plant ....  40 

£802 

Proportion  of  main  mpplj  pipes 60 

Snpplj  pipes,  etc 26 

DiitrifiDtot  and  fixing,  inoloding  mils,  etc.    .         .         .     7S5 

£821 

Medium  (broken  brick)  a,tGt.Sd.a.  cubic  yard       .         .  £906 

CoiiBtractional    . 

Dirtribntion 821 

Uedinm 906 

Total    £2,52» 
£2^29  per  quarter  acre  bed. 

Sei^—Tbe  main  efflusnt  channel  is  existing  and  ie  not  taken  into  aoo 

Cost  or  OiBomAB  Bkd  "  D  "  (7  wwwi  dbif). 
ICoattrMtted  by  AdmiHidratiott.) 

ExcSTllor,  Toada  and  pattia 77 

Concrete  floor 183 

Tile  floor 166 

Bubble  wall 144 

Ch*nnelB,  manbolM,  etc 141 

Kfflaent  and  wesboat  pipea 6 

Proportion  of  general  labour  and  plant .         ...  40 

£767 

Proportion  of  mala  snppl;  pip«e GO 

Sapplv  plpca-  etc,         .......      24 

Diitribulot  and  fixing  (Cand;  type)      .  .150 

Aerating  pipea  in  bed  ■         ......    £65 

Medium  (giBDite),one  half  at  7i.  6cf.  a  cubic  yard,  one  half 

at  6<.  Gd.  a  cubic  yard £1,200 

Summar}/.  « 

CoDBtraction«l 822 

IMBtribnticn £»4 

Medium UOO 

Total    £2,256 
£2,256  per  guarf«r  aere  bed. 
SeU. — The  main  effluent  channel  ia  exiatine  aud  ie  not  taken  into  aocoi 
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Cost  or  RxcTANauuB  Bed  "  E." 
(Qnutrvettd  bj/  AdmiiMratiott-i 

Exeanitoi,  roada  and  pathi 106 

Concrete  floor 814 

Tile  floor  ,         ,         , 820 

Bubble  wall 96 

ChannelB,  eta 42 

Effluent  and  muhout  pipes 6 

Proportion  of  general  labour  and  plant ....  80 

£1,264 
Supply  end  nashout  pip«a  Including  proportiKi  of  main     £ 

supply  pipe* 200 

Supply  and  mwhout  pipet  on  b«d*        ....     ITS 

Dirtributing  pipn 104 

Bprinklen 80 

£S10 
Hediom  (oliohec  ashea)  at  Si.  a  cubic  yard    .        .        .  £726 

Strmmary.  £ 

CoDBtmctioDal 1,264 

DiatribnUoQ SIO 

Uedinm 726 

Totd    £2^ 
iifiOOperhaifaeTebad. 

ObBXSVATIOKB  oh  the  GoMBTBnCTIOK  AHD  WoBKIHG 

OF  THX  Beds. 

Th«  Use  of  Aerating  FIootb. — In  many  percolating  bedo 
recently  constructed  the  bottom  layer  of  medium  has  been  com- 
posed of  large  material,  the  object  being  to  allow  the  efBuent  to 
drain  freely  from  the  bed.  In  beds  constructed  on  this  prin- 
ciple the  water,  in  finding  its  way  to  the  channels,  pursues  a 
very  erratic  course  through  the  intricate  passages  between  the 
medium,  and  repeatedly  changes  its  direction  before  it  is  clear 
of  the  bed.  This  must  of  necessity  cause  many  small  eddies 
and  backwaters,  in  which  the  suspended  matter,  which  has  no 
great  difSculty  in  finding  its  way  by  gravity  to  the  bottom  of 
the  bed,  is  deposited  in  a  gradually  increasing  quantity,  which 
will  in  time  render  the  lower  portion  of  the  bed  tiaeleas  for 
drainage  purposes  or  for  aeration,  and  the  medium  will,  con- 
sequently, need  to  be  taken  out,  cleaned  and  replaced. 

The  use  of  an  open  or  aerating  floor  between  the  medium 
and  the  floor  of  the  bed  in  a  great  measure  minimises  this  defect. 

The  effluent,  after  percolating  vertically  through  the  bed, 
is  at  once  entirely  removed  from  contact  with  the  medium,  and 
finds  a  clear  course  open  to  the  channels.  The  depth  of  water 
over  the  floor  may  be  considerable,  and  still  leave  the  necessary 
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air  space  beneath  the  medium ;  thus  the  floor  of  the  bed  may  be 
laid  to  a  flatter  gradient  and  head  economised.  The  suspended 
matter  is  earned  bythe  flow  into  the  channels  and  there  dealt  with. 

The  Author  has  found,  first,  that  the  use  of  floors  provided 
with  circular  holes  is  not  satisfactory,  as  they  become  stopped 
np  with  portions  of  medium ;  and,  second,  that  a  Sat  floor  has  in 
some  degree  the  defects  of  allowing  the  sediment  to  collect  on 
the  flat  surface.  It  is  also  found  at  Saltley  that  the  rough  brick 
walls  of  the  small  channels  forming  the  floor  of  the  storm  filter- 
beds  have  become  coated  with  mucilage,  siniilar  to  that  found 
coating  the  medium  of  the  bed. 

To  minimise  these  defects  the  Author  designed  the  curved 
tile  used  for  the  beds,  and  he  thinks  that  the  smoothly  glazed 
round  surface  will  allow  the  sediment  to  easily  reach  the  slots, 
which  are  carried  right  down  to  the  foot  of  the  tile.  'Ihe  long 
narrow  slots  cannot  become  entirely  filled  by  the  medium,  and 
when  the  floor  is  carried  through  the  walls  of  the  bed  the 
slimy  coating  and  any  heavy  sediment  can  easily  be  flushed  out, 
as  the  force  of  the  flushing  water  is  not  destroyed  by  being 
allowed  to  spread  out  in  all. directions  and  become  obstructed 
by  the  feet  or  supports  of  the  floor.  The  distinct  channels  also 
induce  a  current  of  air,  especially  on  windy  days,  and  thus  help 
in  dispersing  the  heavier  gases  generated  in  the  bed. 

It  is  found  after  the  beds  have  been  resting  for  any  length 
of  time,  that  on  re-starting  them  the  first  trickle  of  efllnent  from 
the  beds  provided  witii  aerating  floors  reaches  the  channel  in 
abont  30  minutes,  and  from  the  floor  covered  with  large  slag  in 
45  minutes ;  also  that  the  flow  Irom  the  tiles  is  general  in  about 
60  minutes,  whilst  after  two  hours  about  a  quarter  of  the  cir- 
cumference of  the  channel  draining  the  slag  portion  of  the  bed 
is  still  dry. 

The  effluent  for  some  time  is  very  turbid,  and  contains  a 
large  amount  of  suspended  matter,  the  sediment  in  the  effluent 
draining  from  the  tile  floor  being  two  to  three  times  greater  than 
trom  an  equal  area  of  bed  covered  with  slag.  The  sediment 
contained  26  per  cent,  of  organic  matter,  chiefly  broken  down 
uiucU^e  from  the  bed. 

The  beds  were  shut  down  during  the  August  holidays,  and 
the  slag  bed  "  A,"  after  being  allowed  to  drain  for  three  days, 
was  opened. 

The  medium  was  perfectly  clear  and  bad  a  pronounced  earthy 
£  2 
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Binell ;  when  the  large  pieces  of  slag  forming  the  floor  were 
removed  they  were  found  to  be  embedded  to  s  depth  of  from 
1^  inch  to  1|  inch  in  sediment,  wbich  appeared  to  be  satu- 
rated with  water.  Several  tiles  were  removed  at  the  same  time, 
and  it  waa  found  that  the  floor  was  covered  to  a  depth  of  ^  inch 
with  a  dry  sediment. 

Analyses  of  the  two  sediments  gave  the  following  results : 

Sediment  from  part  of  bed  under-drained  with  slag  contained 
11  "69  per  cent,  of  oi^anic  matter. 

Sediment  from  part  of  bed  with  tile  floor  contained  4  •  96  per 
cent  of  organic  matter. 

The  sample  from  slag  contained  much  broken  down  sl^, 
and  in  each  case  the  sediment  was  chiefly  sandy  matter  of  a  dark 
colour. 

Analyses  of  samples  taken  on  June  4th  &om  separate  por- 
tions of  the  beds  gave  the  following  results : 


in  Bed 

'A,"  Juki  4th, 

1904. 

SuUdi. 

St,. 

llbn- 
ml..«W 
HU,. 

■160 
■087 

ChlorU* 

NItntn. 
Mtmgen. 

^ 

B*d  nndBMlrwiied  with  ilng 

1S2-5 
116-5 

1-661 
■158 

1S'2 
15-6 

3-002 
3  182 

1-301 
1223 

The  amount  of  sediment  from  the  beds  appears  to  increase 
somewhat  rapidly  every  3  or  4  weeks,  and  an  inspection  of  the 
diagrams  shows  that  the  oxygen  absorbed  increases  at  these 
times.  This  is  no  doubt  due  to  the  suspended  matter  making 
its  way  through  the  medium  and  collecting  on  the  concrete 
floor  until  it  is  in  sufficient  quantity  to  be  washed  away ;  when 
the  sediment  makes  its  appearance,  the  channels  and  tiles  are 
flushed  out  and  cleaned  with  drain  rods,  after  which  the  effluent 
is  again  clear. 

The  sediment  contains  a  large  amount  of  dust  from  the 
medium,  which  is  gradually  decreasing  in  quantity,  and  will 
probably  disappear  in  course  of  time.  The  amount  of  sand 
from  b&i  "  B,"  which  was  partly  filled  with  unwashed  gravel, 
was  very  large,  some  3  or  4  tons  being  taken  out  of  the  chan- 
nels and  sump  during  2  ^veeks'  working,  and  from  an  inspection 
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of  the  outfall  of  the  waeh-out  drain  an  amount  of  very  fine 
sand  and  clayej'  matter  equal  to  thia  appeared  to  have  been 
carried  away  in  the  effluent. 

The  Use  of  Wails  for  Supporting  the  Medium — If  the  bed  is 
formed  above  ground  level,  t^e  medium  may  either  be  supported 
bj  walls,  or  allowed  to  slope  at  its  natural  angle. 

At  first  sight  it  may  seem  that  the  use  of  a  wall  is  expen- 
sive, and  many  visitors  to  our  works  have  expressed  this 
opinion.  It  will  be  interesting,  therefore,  to  compare  the  cost 
of  the  two  methods. 

Considering  first  the  rectangular  beds,  the  cost  per  acre  of 
the  mbble  wall  complete  is  244/.,  whilst  if  the  medium  is 
sloped  the  cost  will  be  500/.  per  acre. 

In  the  case  of  circular  beds  the  cost  of  rubble  walls  per 
acre  in  four  quarter  beds  is  356/.  per  acre,  and  the  cost  of 
sloping  the  medinm  is  700/.  per  acre. 

The  price  is  calculated  with  medium  at  65.  Zd.  per  cubic 
yard,  placed  in  the  bed. 

Thus  it  is  seen  that  the  cost  of  the  constructional  work 
alone  is  about  double  if  the  medium  is  sloped,  and,  moreover, 
in  the  complete  installation  of  8  acres  of  beds  at  Minworth 
the  area  of  land  lost  is  5800  superficial  yards,  or  say,  1  acre 
bed  complete. 

Taking  the  land  at  130/.  per  acre,  the  extra  cost  for  7  acres 
of  beds  will  be  1,750/.  plus  156/.— that  is,  1,906/.,  or  272/.  per 
acre,  and,  in  addition  to  this,  a  site  for  the  lost  acre  of  beds 
will  have  to  be  found  elsewhere,  which  may  increase  the  cost 
greatly,  or  it  may  be  impossible  to  find  a  site  at  all. 

Com  or  BLoma  Msdidm. 
(Ptr  acre  of  rcctmyular  bed*.) 

ExcaTstioQ 41    B  2 

Concrate 81    9  0 

Tilea 91    «  6 

CopiDfc 19  12  0 

Meditun 247  16  3 

481  11  11 

Pipe^rta 19    0  0 

£900  11  11 
CoCT  or  Bdbbli  WuiL. 

W»U 231    0    0 


II  12    I 
£244    8    I 
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Partt  per  100,000^ 


EMInuted  «  DtHolved 

ud 

CUmUm. 

KimtM 

DlMoInd 

"S^ 

s. 

AmmonU.  1 

■bu- 

SUM 

TSUL 

1903 
Dbc  29 

7-541 

4-643 

ses 

11 

-1«7 

98 

19M 
Jul.     5 

7-584 

4-297 

732 

-    12 

9-738 

4-207 

838 

17-0 

98-5 

8-0 

«    19 

9-602 

4-009 

510 

15-4 

-229 

73-5 

29-5 

„    28 

8080 

4-2S6 

472 

16-6 

■309 

99 

Foh.    9 

6-483 

1-830 

ai7 

15-8 

-264 

690 

16  00 

„    23 

10-4M 

3-512 

400 

14-8 

90-0 

10-0 

Uu.    1 

10798 

8-720 

503 

13-2 

98-5 

4-0 

-      9 

7-636 

4-838 

689 

10-2 

70-0 

140 

n     2* 

9-574 

4-313 

378 

17-8 

99-0 

14-5 

-    80 

8-600 

3-188 

700 

14-2 

8S-0 

23-0 

Apr.  26 

12-366 

5-175 

660 

18-6 

-284 

86-5 

28-5 

May    9 

12- 19* 

4-929 

607 

16-6 

■477 

107-0 

11-5 

„    11 

11-480 

4-540 

772 

11-2 

-S19 

107-5 

18-5 

-    19 

18-814 

4-647 

789 

22-9 

107-0 

81-0 

„    27 

18-606 

4-45S 

680 

16-4 

■188 

91-0 

30-5 

3xut  2 

U-250 

3-450 

900 

16-2 

-218 

97-5 

29-5 

.,     8 

14-706 

4-761 

667 

24-4 

-467 

lU-O 

SS-6 

>.     » 

26-863 

t-725      1 

875 

28-2 

86-0 

112-0 

.    15 

20*575 

5-M6 

850 

200 

■297 

11)2-0 

68-5 

»    IS 

13-701 

4-107 

680 

21-0 

97-5 

22-0 

»    32 

18-650 

4-875 

700 

20-8 

•679 

111-5 

24-S 

12 

-0 

H    28 

15-860 

4-929 

56S 

20-6 

118-B 

24-5 

-    29 

15-778 

5-825 

791 

22-2 

■260 

107-5 

240 

18 

-0 

„    SO 

13-838 

6-m 

972 

20-5 

110-0 

30-6 

17 

■5 

Julj    6 

16-392 

4-575 

783 

21-2 

-670 

109-0 

25-5 

„      7 

16-403 

5  175 

778 

I9'8 

103-0 

25-6 

-    18 

14-066 

4-671 

540 

19-0 

■618 

102-0 

20^0 

11 

■0 

-    1* 

18-222 

3-750 

708 

30-4 

104  0 

27-0 

10 

0 

„    20 

18-905 

2-100 

814 

21-2 

-082 

103-6 

82-0 

19 

0 

„    21 

30-880 

4-680      1 

020 

20-4 

990 

600 

30 

s 

-    27 

8260 

2-860 

S84 

81-0 

•SOS 

4-0 

80 

,L,  Google 


JS  COUBSE  07  COKSTBUCTIOH  1.T  UNWOKTH   QBU.VKB.       65 


Asu-TEB  0*  Em.raaT. — Bn>  "A.* 
Partt  per  100,000. 
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AxuitBM  or  BrrLDUT. — Bed  " 
Part*  f«t  100,000. 
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Ajialios  of  BrrLDBNT.— Bjcd  "E." 
ParU  ptr  100,000. 
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The  analyses  of  tiie  effluents  show  that  a  very  high  nitiifica- 
tion  is  obtained  from  the  whole  of  the  beds,  and  the  Author 
believes  this  ia  largely  due  to  the  provision  of  an  aeiatii^  floor, 
combined  with  the  use  of  a  fairly  large  (3-inch  gauge)  medium 
for  the  lower  poition  of  the  beds. 

The  smaller  unount  of  suspended  matter  present  in  the 
effluent  fejm  bed  "  A  "  is  also  noticeable,  and  taken  in  conjunction 
with  the  results  of  opening  the  bed  shows  that  a  large  amount 
of  suspended  matter  is  retained  in  the  interstices  of  the  slag 
forming  the  bottom  of  the  bed. 

The  difficulty  of  estimatii^  the  relative  efficiency  of  various 
beds  and  systems  of  sewage  purification  is  well  known,  and  the 
Author  takes  this  opportunity  of  su^esting  an  equation,  deviaed 
by  Mr.  O'Shangbnessey,  the  chemist  to  the  Birmingham  Drainage 
Board,  which,  whilst  not  taldngliote  of  all  the  factors,  enables 
tiie  results  of  wtn'king  to  be  compared  on  a  more  equal 
basis. 

The  equation  is  as  follows,  and  takes  into  account  the  elimi- 
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nation  of  the  impurities  in  the  sewage  put  on  tiie  bed  i 
of  Uie  oxygen  and  albuminoid  ammonia : 

Impurities  eliminated 
measured  by  oxygen 

absorbed  test         x    qnanti^  treated  on 

(parts  per  100,000) unit  area  in  Iba. 

100,000  X  depth  of  bed 

=  work  done  by  bed  per  unit  foot 

(measured  by  the  oxygen 

required  to  eliminate 

the  impurities). 

An  example  may  be  taken  to  illustrate  tiie  method : 
BCD -A."    Hat  II,  1901. 


10-608  X  810,000  gallons  per  day  per  acre  x  10  lb. 

100,000  X  7  feet 

»  118-66  lb.  oxygen. 

That  is — Impurities  have  been  eliminated  equivalent  to 
the  use  of  118  -  66  lb.  of  oxygen  -per  acre  foot  of  bed. 

The  percentage  of  purification  and  the  work  done  by  the 
beds  have  been  calculated  and  are  given  in  graphic  form,  and  it 
will  be  noticed  in  connection  with  bed  "A,"  that  altiioagh  the 
percentagea  of  purification  on  6th  January  and  the  27tb  July 
were  the  same  (79  *  9),  the  work  done  by  the  bed  was  on  the 
latter  date  double  that  on  6th  January,  tiie  work  measured  in 
lbs.  of  oxygen  being  on  January  5th  38-71,  and  on  July  27th 
76-65. 

Also  on  March  30th  the.  equivalent  in  Iba.  of  oxygen  was 
76*89,  with  a  percentile  of  puriiication  of  90-2,  and  on 
July  20th  187  *  74,  with  a  percentage  of  purification  of  90 '  S. 

The  Author  thinks  tiiat  a  comparison  of  various  processes  on 
these  lines  would  be  of  great  interest,  and  regrets  that  time 
would  not  allow  of  a  comparative  table  being  prepared. 

A  table  showing  the  results  of  the  wto'king  of  beds  "A," 
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som  na  Aou  Foot  or  Bed.    Vnta  per  100,000, 
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"  C,"  and  "  E,"  and  the  contact  beds  at  the  Manchester  Sewage 
Works  ifl  given. 

In  conclusion,  the  Author  begs  to  ezpresB  his  thanks  to  the 
engineer,  Mr.  J.  D.  Watson,  for  placing  at  his  disposal  the  data 
included  in  the  paper,  and  to  Mr.  O'Shaugbnesaey,  the  chemist 
to  the  board,  for  allowing  him  to  publish  the  equation. 

The  data  in  connection  with  the  Manchester  beds  are  taken 
from  the  report  of  the  Bojal  Commission  on  Sewage  Disposal. 
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DESCRIPTION  OF  REFUSE  DESTRUCTOR 
AND  ELECTRICAL  POWER  GENERATING 
STATION  IN  COURSE  OF  ERECTION  AT 
SALTLEY. 

By  D.  J.  EGBERTS. 

This  combined  scheme  has  for  its  object  the  cremation  of  all 
kinds  of  ordinaiy  house  and  shop  refuse,  and  the  utilisation 
of  the  otherwise  waste  heat  from  the  refuse  furnaces  for  the 
purpose  of  raising  steam  for  generating  electricity  for  traction 
and  Lighting  purposes. 

The  important  developments  of  electricity  for  traction  and 
lightii^  purposes  and  the  destruction  of  refuse  by  ciematioD 
present  a  new  problem  in  building. 

In  connection  'with  building  for  the  housing  of  mechanical 
installations,  etc.,  planning  may  be  justly  termed  scientific. 

Comparing  ancient  with  modem  construction  the  former 
could  hajdly  be  t^med  a  science. 

We  have  now  arrived  at  a  period  of  our  history  when  the 
et^ineer  and  architect  have  at  their  command  all  kinds  of  con- 
structional materials,  tested  in  vuious  ways,  and  scientificaUy 
investigated. 

An  almost  perfect  system  of  construction  has  thereby  been 
based  on  scientific  principles,  and  reliable  &cts  have  been 
acquired  by  experimental  tests  which  have  undoubtedly  placed 
construction  oo  a  scientilic  basis. 

The  days  of  few  types,  both  in  mechanical  installations  and 
buildings,  have  gone  by,  and  to  meet  present  day  requirements 
of  machinery,  ete.,  we  are  confronted  with  a  class  of  building 
which  derives  its  form  chiefly  from  the  fittings  and  equipment, 
and  in  connection  with  which  a  fair  knowledge  of  machinery  is 
of  great  value.     Originally,  it  may  be  said  that  it  was  con- 
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gitamii 


Bidered  sufficient  to  provide  buildings  (    ,  jfyfaan,  tie  ha^t  fiwn  fld 
for  the  protection  of  machinery,  but  no  *' '  | 

sive  and  valuable  plant  ia  laid  down,  it      4  j^  ^  lie  adiaed  roadway  n 
be  housed  in  substantial  brick  or  stor  ''_„ifccMHiiiff  »'^'""" 


floor  Dp  j 


r  indostries  tl  '  ^LgMoare  spiteoK  ti*  heatrir 
ia  external  v  ' '  ^  n^  gnqxaded  &0111  ttf 
3xtemal  elev,-   ^i,it«rfi!ipuffwili  be*  steal 


substantial  brick  or  stor  ''"J^ijcdiDkaiDgi^eea, 
tectural  character.     Extemallf ,  buildi  ^^  ^  tie  efeiering  Soo 
often  looked  at  and  considered  as  ere  ^'^^fginatiom  wili  be 
concealing  operations  or  indostries  tl    '  ^i^^am 
their  walls,  rather  than  as 

In  dealing  with  the  external  elev,-  '^j^Sv'^P?^ 
was  the  Author's  desire  to  gain  effet  '*  _jii  tie  otter  md 
naturally  grew  out  of  the  general  ^^U  iBtacDg  wi™  to  reduce 
introduction  of  colour  produced  by  tl  ''.j^aareiMii,  and  also  a  st 
Owing  to  the  rapid  growth  of  our  1  ■''!^gteik  Bystem  when 
sites  for  buildings  of  this  class  has  ' ' 
Few  designers  are  now  sufficiently  ft  ,  ^^  wiihray  will  be  a  pi 
what  they  would  term  an  ideal  site  ^  „a«Brt  W  ixaler-feed  pui 
opinion  that  the  site  of  these  buildin  »  "^jjk  (te  bms  of  the  feed  d( 
may  be  truly  termed  ideal,  with  a  ''ubbtoJ  fw  a  small  eleci 
and  two  approach  roads  commuuic  'ji  ^  (j  jot  in  at  a  later  d) 
boundaries.  It  is  also  convenientl  ^^j^jociesbylfifeeteinci: 
ing  area.  ''^Jbid/oppw''*  the  incl 

In  connection  with  the  destru.  ^^g/sS^^  been  overcom 
of  the  above  roads  as  an  entranci  ^^of  the  inclined  road' 
and  from  the  inclined  roadway.  '  -^  fcoildiiig,  to  allow  of 

The  existing  general  level  of        ^^tt  Hide  of  the  room  lu  ^ 
nance  Datum  which  it  ia  intendec      ^po^  will  be  "  Mumford' 
304  "00  above  Ordnance  Datum,  I 
bank  and  the  main  approach  roai 

The  longest  way  of  the  site 
east,  the  Birmingham  and  Warv 
north-west  side  and  the  Drainag 
south-east  side,  and  facing  this 
fktKmen's  cottages  in  connect 
ixuituning  parlour,  kitchen,  sc 
ib»  gniund  fioOT,  and  three  bed 
theliKt  floor. 

Owing  to  the  scheme  being 
amn^  the  buildings  on  the 
c«$tniot>.«  house,  chimney  an^ 
tb«  funMH.'ies  should  be  oected 
;;^■a  v4'  Kinuingham  (which  hi^ 
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^^  saoke,  each  capa" " 

^^BDSt  a  pressure  of  1 
j(  pUDp  will  be  "Heena 
j^piig  a  pressure  of  10  cwtj 
■  g)  an  entirely  enclosed  etef 

j»(y  this  eectwn  will  conti 
;-aiDg  uw.  **o  water-cloa* 
,  ^niary  baflfa,  and  a  w' 
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sidered  sufficient  to  provide  buildings  of  a  very  primitive  kind 
for  the  protection  of  machinery,  but  now,  in  cases  where  exten- 
sive and  valuable  plant  is  laid  down,  it  is  felt  that  they  should 
be  housed  in  substantial  brick  or  stone  buildings  of  an  archi- 
tectural character.  Externally,  buildings  of  this  class  are  too 
often  looked  at  and  considered  as  erections  for  the  purpose  of 
concealing  operations  or  industries  that  are  carried  on  within 
their  walla,  rather  than  as  external  witnesses  of  these  activities. 

In  dealing  with  the  external  elevation  of  these  buildings,  it 
was  the  Author's  desire  to  gain  efiect  by  those  features  which 
naturally  grew  out  of  the  general  construction  and  by  the 
introdaction  of  colour  produced  by  the  materials  to  be  employed. 
OwtDg  to  the  rapid  growth  of  our  latge  towns,  the  question  of 
sites  for  buildings  of  this  class  has  become  an  important  item. 
Few  designers  are  now  sufBciently  fortunate  to  have  to  deal  with 
what  they  would  term  an  ideal  site ;  however,  the  Author  is  of 
opinion  that  the  site  of  these  buildings,  especially  for  a  destructor, 
may  be  truly  termed  ideal,  with  a  canal  forming  one  boundary 
and  two  approach  roads  communicating  with  two  of  the  other 
boundaries.  It  is  also  conveniently  situated  within  the  collect- 
ing area. 

In  connection  with  the  destructor,  it  is  intended  to  use  one 
of  the  above  roads  as  an .  entrance  and  the  other  as  an  exit  to 
and  from  the  inclined  roadway. 

The  existing  general  level  of  the  site  is  298*00  above  Ord- 
nance Datum  which  it  is  intended  to  raise  to  a  finished  level  of 
304*00  above  Ordnance  Datum,  this  being  tlie  level  of  the  canal 
bank  and  the  main  approach  road  to  the  Drainage  Board's  farm.  . 

The  longest  way  of  the  site  runs  from  south-west  to  north- 
east, the  Birmingham  and  Warwick  Junction  Canal  being  on  the 
north-west  side  and  the  Drainage  Board's  approach  road  on  the 
south-east  side,  and  facing  this  road  it  is  intended  to  erect  two 
foremen's  cottages  in  connection  with  the  destructor,  each 
containing  parlour,  kitchen,  scullery,  pantry,  coals  and  w.c.  on 
the  ground  floor,  and  three  bedrooms  and  two  linen-closets  on 
the  first  floor. 

Owing  to  the  scheme  being  a  joint  one,  it  was  necessary  to 
arrange  the  buildings  on  the  site  in  such  a  manner  that  the 
destructor  house,  chimney  and  everything  in  connection  with 
the  furnaces  should  be  erected  on  land  belonging  to  the  Corpora- 
tion of  Birmingham  (which  had  an  area  of  about  2  acres)  and 
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the  boUer-Iioase  aBd  electric  power  station  on  land  belonging  to 
the  Drainage  Board. 

The  inclined  roadway  is  arranged  to  commence  adjoining 
the  south-west  boundary  of  the  site,  and  will  run  in  a  north- 
easterly direction  and  join  up  to  the  destructor  house  in  the 
centre  of  the  &ont  of  this  building  facing  the  roadway. 

TSext  to  the  destructor  house  cornea  the  boiler-house  and 
then  the  electric  power  station,  all  adjoining.  The  entrance 
to  the  inclined  rcAdway  will  be  &om  the  Drainage  Board's 
private  approach  road,  and  adjoinii^  this  will  be  a  weigh-office 
measuring  14  feet  by  12  feet  with  a  weigh-bridge  having  a 
table  12  feet  by  3  feet  and  capable  of  weighii^  up  to  10 
tons.  In  plan,  the  inclined  roadway  resembles  the  letter  T, 
this  form  of  plan  being  due  to  the  site  not  being  of  aufScient 
length  to  introduce  a  straight  roadway  with  a  sufBciently  easy 
gradient. 

The  cross  portion  at  the  lower  end  will  be  150  feet  long  and 
32  feet  wide  between  the  parapet  walls  and  will  form  an 
entrance  at  the  one  end  and  an  exit  at  the  other,  to  and  from 
the  tipping  floor.  There  will  be  one  track  only  on  this  portion 
which  will  be  28  feet  wide  laid  on  hard  dry  filling  supported  by 
retaining  walls,  and  inclined  at  a  gradient  of  1  in  18.  The 
remaining  portion  of  the  roadway  up  to  the  tipping  floor  will  be 
carried  on  semicircular  arches,  14  feet  span,  each  consisting  of 
three  half-brick  rings  in  cement,  the  haunches  being  filled  in 
with  lime  concrete.  The  total  length  of  this  will  be  242  feet 
and  20  feet  2  inches  wide  between  the  parapet  walls  and  the 
gradient  1  in  19.  There  will  be  two  tracks  on  this  section,  each  6 
feet  4  inches  wide  between  the  kerb ;  this  width  of  track  will  be 
sufficient  to  allow  of  motor  vehicles  being  used  should  the 
Health  Committee  at  some  future  time  decide  to  adopt  the  use 
of  this  form  of  vehicle. 

The  whole  of  the  roadway  will  be  paved  and  kerbed  with 
Mountsorrel  granite — the  kerbing  being  10  inches  by  6  inches, 
running  stones  12  inches  by  6  inches,  and  the  paving  9-inch  by 
4-inch  by  4-inch  setts — and  finished  on  each  side  with  parapet 
walls  4  feet  high  coped  with  stone. 

Leaving  the  inclined  roadway  we  come  to  the  destructor 
house.  This  building  will  be  two  stories  in  height,  measuring 
internally  104  feet  long  and  43  feet  wide. 

The  ground  floor  will  be  divided  longitudinally  into  three 
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sections,  of  practically  equal  dimensions,  the  height  from  flod 
to  ceiling  being  15  feet.  I 

The  first  section  on  the  right  of  the  inclined  roadway  «i| 
contain  a  side  entrance  passage  to  the  cllnkering  area,  a  worij 
shop,  store  room,  and  a  staircase  from  the  clinkering  floor  up  i 
the  tipping  floor.  The  vorkshop  and  store  room  will  be  heatej 
by  means  of  steam  on  the  low-pressure  syatwa,  the  katinf~^ 
pipes  being  3-inch  diameter  cast-iron  pipes  suspended  fnai  ttJ 
ceilings.  At  the  one  end  of  the  line  of  piping  will  be  a  eteaiT""" 
trap  to  run  off  condensation,  and  at  the  other  end  oeit  t 
main  steam  pipe  will  be  a  1-inch  reducisg  valTe  to  reduee  tt 
pressure  &om  160  lb.  to  10  lb.  per  square  inch,  and  also  a.  s 
valve  for  the  purpose  of  shutting  off  the  system  when  i 
required. 

Immediately  opposite  the  inclined  roadway  will  be  a  pun 
room,  in  which  wHl  be  placed  at  present  two  boiler-feed  pumj 
and  one  hydraulic  pump,  for  working  the  rams  of  the  feed  doc 
to  the  cells,  and  space  will  be  reserved  for  a  small  elec 
lighting  set,  which  is  intended  to  be  put  in  at  a  later  dat 
The  size  of  this  room  will  be  20  feet  2  inches  by  18  feet  6  inchc 
Owing  to  this  room  being  immediately  opposite  the  incl 
roadway,  the  difficulty  of  securing  light  has  been  overcome  I 
placing  the  end  abutment  to  the  arches  of  the  inclined  roadwt 
about  6  feet  &om  the  front  of  the  buildii^,  to  allow  of  U 
large  windows  being  fixed  one  on  either  side  of  the  room  und 
the  roadway.  The  two  boQer-feed  pumps  will  be  "  Mumford's 
vertical  pumps,  with  6-inch  diameter  steam  cylinders  and  4:-iiii 
diameter  water  cylinders  with  6-inch  stroke,  each  capable 
delivering  2400  gallons  per  hour,  t^^ainst  a  pressure  of  160  I 
per  square  inch.  The  hydraulic  pump  wUl  be  "  Heeuai  ?; 
Three-Tbrow,"  capable  of  maintaining  a  pressure  of  10  cvt. 
the  square  inch,  directly  coupled  to  an  entirely  encloaed.  stea 
engine  of  about  12  B.H.P.  X 

On  the  left  of  the  inclined  roadway  this  section  will  contu 
a  second  side  entrance  to  the  clinkering  area,  two  water-cloae 
two  baUi-rooms,  each  containing  a  lavatory  basin,  and  a  met 
room  for  the  workmen.  The  access  to  these  rooms  will  be  fn 
a  pasa^e  4  feet  wide  running  parallel  with  the  front  of  t 
building,  and  communicating  with  the  side  entrance  to  t 
clinkering  area  above  referred  to.  The  object  of  arranging  thi  . 
rooms  to  open  out  of  a  passive  is  to  minimise  as  far  as  possil 
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the  probability  of  dtist  finding  its  way  into  them  &om  the 
clinkering  area.  The  hot  water  to  the  bathe  and  lavatory  basins 
win  be  snppbed  from  a  Boyle's  patent  calorifier  fixed  in  the 
mees-room,  and  heated  by  sbea-ra  conveyed  from  the  low-preaBuie 
side  (^  tlte  supply  to  the  beating  pipes  in  the  pump  room. 

Over  the  (»lorifier  will  be  fixed  a  galranised  wronght-inm 
tank  of  80  gallons  capacity  connected  to  the  calorifier  with  a 
2-incb  flow  and  return.  In  addition  to  the  small  open  range  in 
the  mass-Toom  there  will  be  a  Boyle's  patent  steam  kettle  to 
hold  10  gallons  and  a  steam-cooking  oven. 

The  second  or  middle  section  will  simply  be  a  wide  corridor, 
16  feet  wide,  extending  from  one  end  of  the  building  to  the 
other,  which  will  be  nsed  as  a  clinkering  area.  At  each  end  of 
this  area  there  will  be  large  openingH  in  the  gable  ends  (fitted 
with  doors)  so  as  to  secure  good  cross  ventilation,  and  throngh 
which  the  clinkering  trucks  will  be  run  out  into  the  open  on 
rails  laid  in  the  floor  of  the  olinkerii^;  area. 

The  third  section  will  be  occupied  by  the  "  cells  "  and  the 
"  air  heaters,"  the  latter  being  placed  in  the  centre,  and  four 
cells  fUianged  on  either  side  facing  the  clinkering  area  with  the 
settling  chambers  arranged  at  the  end  of  each  set  of  cells  further- 
most from  the  "heaters." 

The  floor  of  the  clinkering  area,  store  room  and  workshop, 
will  be  paved  with  a  hard  brick  on  ec^  in  cement.  The  floors 
of  t^e  pump-room,  mess-room,  bath-rooms  and  w.c.'8,  will  be 
paved  with  6-inch  square  tiles.  The  walls  of  the  pump-room 
and  clinkering  area  will  be  finished  up  to  5  feet  above  floor  with 
brown  ^azed  bricks. 

The  internal  walls  generally  will  be  flat-pointed  and  ooloor 
wac^ed. 

The  cells  to  be  erected  are  those  known  as  the  "  Heenan 
Patent  Top  Feed,"  the  makers  being  Messrs.  Heenan  and  Fronde, 
Manchester.     Each  cell  will  have  a  giate  area  of  25  square  feet. 

There  will  be  eight  of  these  cells  arranged  in  two  distinct 
sets,  each  set  consisting  of  four  cells,  one  air  heater  and 
fan,  and  one  settling  chamber  24  feet  by  4  feet  by  10  feet, 
connected  to  one  boiler  and  farming  one  unit  of  plant. 

The  cells  and  settling  chambers  internally  will  be  entirely 
lined  with  9  inches  of  fire  brickwork,  and  externally  with 
common  hard  brickwork  14  inches  thick,  and  between  this  onter 
and  inner  lining  of  brickwork  there  will  be  a  Ij^-inch  cavity 
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filled  up  with  wiied  silioate  of  cotton.  The  vhole  of  the  bru^- 
work  to  the  cells  uid  the  settling  diamber,  will  be  braced 
together  by  meana  of  &iudi  by  2^iDob  double  chaQDols  placed 
Tertically  at  intervals  of  aboat  6  feet  9  inches ;  these  will  in 
torn  be  secured  to  horizontal  lO-inch  by  3-inch  channels  1^  in 
flush  with  the  brickwork,  and  fixed  in  such  a  position  as  to  take 
the  thrust  of  the  arched  covers  of  the  cells.  The  vertical  double 
channels  will  be  of  sufficient  length  to  extend  about  9  inches 
above  the  brickwork  for  the  purpose  of  receiving  the  ends  of  tha 
l^-inch  diameter  tie  rods,  which  are  to  bind  together  one  side 
with  the  other. 

The  fronts  of  the  cells  will  be  of  very  heavy  coostruotion, 
each  weighing  something  like  45  cwt.  Each  tiont  will  be 
fitted  with  regulating  valves  to  adjnat  the  admisuon  of  heated 
air  from  the  heaters  both  above  and  below  the  grates.  Th»  hot 
air  will  be  conveyed  fivm  the  heaters  to  the  cells  below  floor,  in 
brick  ducts  30  inches  wide  and  24  inches  deep,  running  under 
the  entire  length  of  each  set  of  cells,  immediatdy  under  the  fire 
grates.  The  clinkering  doors  will  be  lined  internally  with  fire- 
brick, and  arranged  to  slide  upwards  and  balance  by  means  of 
balance  wei^ts.  Such  portions  of  the  &onta  to  the  cells  Uiat 
are  not  covered  by  ironwork  will  be  finished  with  glazed  brick- 
work, so  that  they  can  be  easily  kept  dean.  There  will  be  two 
refuse  hoppers,  one  over  each  set  of  cells,  each  measuring  32  feet 
long,  13  feet  wide  and  6  feet  deep,  below  the  tipping  beam.  The 
floors  of  these  hoppers  will  be  constructed  of  rolled  steel  joists 
and  concrete,  floated  smooth  and  so  placed  that  no  portion  of 
the  same  shall  be  in  contact  with  the  upper  part  of  the  cells,  ao 
as  to  avoid  as  far  aa  possible  the  heating  of  refuse  that  may  be 
stored  in  the  hoppers  previous  to  charging. 

The  feed-doors  to  the  cells  will  be  made  to  slide  and-  rendered 
fireproof  by  means  of  curved  firebrick  Ules.  Each  door  will  be 
provided  with  a  water-trough  to  ensure  an  inch  water  seal,  to 
prevent  the  blowing  out  of  sulphurons  fumes  when  the  doors 
are  closed.  These  doors  will  be  worked  by  means  of  small 
hydraulic  rama,each  working  at  a  pressure  of  600  lb.  per  square 
inch,  and  operated  by  levers  flrom  the  tipping  floor.  Each  ram 
will  be  connected  up  to  the  thiee-throw  hydraulic  pump  in  the 
pump-room. 

The  air  heaters  will  eadi  provide  about  1600  square  ieet  <tf 
heating  suifoce.     They  will  consist  of  3-inoh  diameter  boiler 
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tabee  fised  in  a  vertical  position,  and  secured  af  their  upper 
and  lower  extremities  to  horizontal  plates,  and  entirely  sur- 
rounded  with  brickwork  braced  bother  in  a  similar  manner 
to  the  cells.  The  hot  gases,  after  leaving  the  boilers,  will  be 
made  to  pass  throt^h  these  tubes  on  their  way  to  the  economiser 
and  chimney,  thereby  heating  the  forced  air  which  wiU  be 
made  to  circulate  around  the  outer  surface  of  the  tubes  on 
its  wnj  from  the  &ns  to  the  cells.  It  is  claimed  by  the 
makets  that  the  tntrodnction  of  hot  forced  air  into  the  cells 
gives  an  initial  temperature  of  from  300  to  350  degiees.  In 
addition  to  Uus,  heated  air  has  a  greater  avidity  for  absorbii^ 
moisture,  consequently  with  the  use  of  hot  air  Uie  usual  dryii^ 
hearth  in  the  cell  is  dispensed  with.  Then  again,  with  the  use 
of  forced  air  it  is  easier  to  r^ulate  the  supply  of  air  to  the  cells 
to  that  of  the  theoretical  supply  required.  With  the  aid  of 
forced  heated  air  it  has  been  contended  for  years  by  those  who 
have  closely  studied  the  matter  that  it  is  possible  to  so  r^:nlate 
(he  forced  heated  air  and  the  pull  of  Ihe  chinmey  that  a  perfect 
balance  of  gases  con  be  seemed.  With  this  condition  existent 
in  the  cells  cold  air  cannot  enter  even  with  the  doors  wide  open. 
Hie  fans  for  forcing  the  air  to  the  ceUs  will  be  placed  on  the 
tipping  floor,  immediately  over  the  heaters,  and  in  close  prox- 
imity to  the  hoppers.  It  is  hoped  that,  by  placing  the  fans  on 
this  floor,  they  will  greatly  assist  the  circulation  and  the  re- 
moval of  foul  air  in  this  part  of  the  buildings.  The  fiins  will 
be  connected  down  to  the  heaters  by  means  of  square  steel  tubes. 
Each  fan  will  be  66  inches  diameter,  in  order  tltat  tiiey  may  be 
ran  at  a  comparatively  low  speed,  and  so  that  differences  in 
volume  cfm  be  obtained  Without  much  fluctuation  in  wind  speed. 
The  &ns  will  be  coupled  up  to  and  driven  by  entirely  enclosed 
self-oiling  Belliss  enginee  of  12  B.H.P.  each.  These  fans  will 
be  of  Boffioient  capacity  to  enable  60  tons  of  ordinary  house  and 
shop  refuse  to  be  burned  in  twenty-four  boors  on  one  set  of  four 
cells,  which  lb  equal  to  56  lb.  per  square  foot  of  giate  per  hour. 
The  makers  guarantee  that,  when  eight  cells  and  two  boilers  are 
in  use  under  ordinary  conditions,  the  plant  will  evaporate  not 
less  than  9000  lb.  of  water  when  the  furnaces  are  fed  at  the  rate 
of  8000  lb.  of  r^ise  per  hour. 

The  first  floor  of  the  destructor  house  will  contain  the  refuse- 
hoppers,  the  adi-fans  and  engines,  the  tipping  area,  and  a  staircase 
down  to  the  clinkering  area. 

F  2 
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The  tipping  area  will  meoanre  104  feet  long  and  27  feet  wide, 
and  in  addition  to  tbia,  between  the  two  hoppers  thero  will  be  an 
enclosed  area  26  feet  long  and  16  feet  wide  where  it  is  intended 
to  place  the  fan  and  engines.  The  total  width  of  this  floor  from 
wall  to  wall  will  be  43  feet,  and  tlie  height  np  to  the  tie  rods  of 
the  principals  will  be  14  feet  in  the  centre.  The  floor  will  be 
constructed  of  concrete  and  rolled  steel  joists,  the  main  joiBts 
being  14  inches  by  6  inofaee  and  the  longitudinal  joists  7  inches 
by  4  inches,  fixed  at  3  feet  centres  and  riveted  to  the  main  joists. 
Immediately  nnder  the  tipping  beam  there  will  be  two  longitn- 
dinal  joists  placed  side  by  side.  The  main  joists  where  tbey 
come  opposite  the  hoppers  will  be  carried  by  the  donble  vertio^ 
channels  intended  for  bracing  the  furnace  front.  The  oement 
concrete  filling  to  the  floor  will  be  10  iuchee  Uiick  at  the 
springing  and  6  inches  thick  at  the  (»own,  supported  on  cambered 
iron  oentring  fitted  between  the  longitudinal  joists  and  finished 
with  4-inch  Moimtsorrel  cubes,  except  the  area  provided  for  the 
fans,  which  will  be  finished  with  concrete  flags. 

The  tipping  beam  will  be  of  pitch  pine,  16  inches  by  12 
inches,  so  fixed  that  at  least  12  inohes  wiU  stand  up  above  the 
finished  paving  and  continued  &om  one  end  of  the  building  to 
the  other,  secured  in  position  by  means  of  1-inch  diameter  bolts 
of  sufficient  length  to  pass  down  between  the  doable  row  of 
longitadinid  joists  above  referred  to.  In  addition  to  these  bolts 
the  beam  will  be  further  secured  by  steel  brackets  riveted  to 
the  ends  of  the  main  joists  opposite  the  hoppers.  Between  each 
hopper  and  the  ends  of  the  building  there  will  be  well-holee, 
each  14  feet  by  4  feet,  communicating  with  the  dinkering  floor 
below,  for  the  purpose  of  scouring  an  exit  for  the  heat  and  smoke 
that  may  accumulate  under  this  floor  during  clinkering  opera- 
tions. The  roof  over  this  flour  will  be  carried  on  steel  prindpala 
placed  at  8  feet  centres,  and  will  contain  a  large  louvre  ventilator 
along  the  entire  length  of  the  building.  The  internal  walls  will 
be  flat,  pointed,  and  colour-wAshed. 

Leaving  the  destructor  house,  we  next  come  to  the  boiler- 
house.  This  building  measures  internally  73  feet  6  inches  long 
and  24  Caet  6  inches  wide,  and  is  13  feet  high  from  the  top  of 
the  flues  to  tie  rod.  Accommodation  is  here  provided  for  three 
boilers,  one  economisei  (with  provision  for  addii^  another  64 
tubes)  and  the  necessary  flues.  The  flues  inside  the  house  are 
to  be  of  latge  dimeosioas  so  as  to  secure  easy  access  for  cleaning 
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poipoeea.  In  the  centre  of  the  building  will  be  the  main  Que 
nuudng  across  at  a  low  level  from  the  heater  in  the  destructor 
bonae  to  the  economiser.  On  one  aide  of  this  flue  wil]  be  placed 
two  boilars  aide  by  side,  and  on  the  opposite  side  wiU  be  placed 
one  boiler  and  the  economiser  with  a  by-pass  flne  between. 
Openings  covered  with  portable  fire-brick  slabs  in  chases  will  be 
ISDvided  between  the  lower  bcdter  flues  and  the  above  main  low 
level  flne  from  the  heater  for  the  porpose  of  sweeping  the  soot 
or  dnst  from  the  boiler  fines  into  the  main  fine  and  thence  to  a 
point  in  this  flne  under  the  destructor  house  floor  where  it  can 
be  hoisted  up  by  means  of  a  small  permanent  winch  and 
deposited  into  die  clinkering  trucks  close  at  band. 

The  three  boilers,  which  are  to  be  supplied  by  Messrs.  Taylor 
and  Sons,  of  Marsden,  Yorkshire,  will  be  of  the  type  known  as 
Lancashire  boilers,  each  measuring  intwnally  30  feet  long  and 
8  feet  diameter,  constructed  for  a  working  joessure  of  160  lb. 
per  square  inch.  Two  of  these  boilers  will  be  gas  fired,  that  is, 
they  will  be  connected  with  the  furnaces,  while  the  other  will 
be  adapted  for  coal  firing,  and  will  be  a  stand-by.  The  gas-fired 
boilers  will  be  connected  to  the  settling  chambers  by  means  of 
steel  rings  lined  int^nally  with  fire-bricks.  Each  boUer  will  be 
fitted  with  (me  Hopkinson's  patent  "Dnad"  safety  valve  for 
high  steam  and  low  water,  one  Hopkinson's  patent  "  Duplex  " 
safety  valve  for  high  steam  only,  one  Hopkinson's  patent 
puaUel  aide  blow-off  valve,  and  one  Hopkinson's  isolation 
valve. 

The  pressQie  and  water-gauges  on  the  gas-fired  boilers  will 
be  fixed  on  the  sides  on  Hopkinson's  columns  (C  type)  with 
guards  near  the  bock  ends  of  the  boilers  facing  the  destmctor 
hoDse  BO  that  they  can  be  seen  from  the  clinkering  area.  The 
gauges  on  the  ooal-fired  boiler  will  be  placed  in  the  usual  posi- 
tion on  the  firing  end,  t(%ether  with  the  ieed  inlet  valve.  The 
feed  inlets  to  the  gas-fired  boilers  will  be  at  the  top  near  the 
back  ends.  The  valves  in  these  coses  will  be  Hopkinson's 
patent  "  Accessible  Feed  Valves  "  worked  froai  the  clinkering 
ares  by  means  of  rods  and  hand-wheels,  the  hand-wheel  being 
arranged  to  be  worked  adjoining  the  pressure  and  water  gauges. 
From  this  position  it  will  also  be  arranged  to  work  the  flue 
dampers  in  connection  with  the  gas-fired  boilers. 

It  is  intended  to  set  the  boilers  on  Pearson's  patent  seating 
blocks  with  asbestos  cushion,  and  to  cover  them  with  Pearson's 
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patent  fire-biick  covering  blocks  laid  on  a  layer  of  aflbestos. 
The  emptying  pipes  from  the  boilers  will  dischoige  outside  the 
building  into  catdi-pit  chambers,  construot^d  for  the  purpose  of 
arresting  any  deposit  &om  the  boileis  which  would  otherwise  be 
diseh&iged  into  the  drains. 

The  economiser  will  be  supplied  by  the  Clay  Gross  Company, 
Chesterfield,  and  will  consist  of  128  tnbes  9  feet  long,  4^  iiL 
diameter,  fixed  vertically  and  forced  into  longitudinal  top  and 
bottom  boxes  in  sections  forming  metal-to-metal  joint. 

The  tubes  will  be  arranged  in  two  groups  of  64  each,  and 
connected  together  with  cast-iron  expansion  ^bows.  Each  tube 
will  be  fitted  with  triple  scrapers,  worked  by  a  small  2-H.P.' 
220-ToU  three-phase  motor. 

At  the  south-east  end  of  the  boiler-house  will  be  a  stokehole 
in  connection  with  the  coal-fired  boiler,  and  at  the  opposite  eoA 
there  will  be  a  cast-iron  storage  water  tank  at  a  high  level  to 
bold  6000  gaUons,  which  will  be  supplied  &om  the  city  main. 

The  furnace  chimney,  which  will  stand  on  a  cement  concrete 
base  36  feet  square  and  8  feet  thick,  will  be  at  the  end  of  the 
boiler-house  next  the  canal.  A  portion  of  the  main  flue  &om 
the  boiler  house  to  the  chimney  for  a  distance  of  28  feet,  will  be 
increased  from  3  feet  6  inches  by  7  feet  3  inches  to  6  feet  by 
7  feet  3  inches,  so  as  to  decrease  the  velocity,  thereby  facilitating 
the  settlement  of  any  dust  before  reaching  the  chimney. 

The  total  height  of  the  chimney  above  the  intend^  finished 
ground  level  will  be  166  feet,  and  the  internal  diameter  at  the 
top  wiU  be  7  feet.  Above  the  foundations,  the  chimney  for  its 
entire  height  will  be  circular  in  plan,  and  the  batter  on  the 
outside  face  will  be  1  in  40 — the  bond  being  three  rows  of 
stretchers  to  one  row  of  headers.  The  top  will  be  finished  with 
a  strong  cast-iron  casing,  bolted  togetlier  in  sections,  and  filled 
in  on  the  inner  side  with  brickwork;  below  this  there  will 
be  a  terra-cotta  cornice,  and  some  buff  plain  brick  bonds, 
which  should  form  a  pleasing  contrast  to  the  brindle  bricks 
which  it  is  intended  to  use  for  the  facing  generally.  Internally, 
there  will  be  a  firebrick  lining  130  feet  high,  9  inches  thick  for 
the  first  75  feet  of  its  height  and  4^  inches  Uiick  for  Um 
remaining  56  feet.  At  the  top,  this  lining  will  be  finished  with 
a  keyed  firebrick  coping,  laid  loose  on  the  top  of  the  lining  to 
protect  the  oavi^  between  the  lining  and  the  main  wall  of 
chimney. 
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The  conductor  tape  will  be  1^  inch  by  1|  inch,  copper 
conBected  at  the  bottom  end  to  a  3  feet  square  copper  earth- 
plate  No.  16  B.W.G-.,  and  finished  at  the  top  with  a  solid  |-inch 
diameter  copper  air  terminal,  with  four  ^inch  diameter  inclined 
points^  The  terminal  will  be  fixed  to  a  wiought-iiott  bracket 
bolted  to  the  o&et-iron  casing  before  referred  to. 

Having  described  the  boiler-house  and  appurtenances,  we 
DOW  come  to  the  power  station.  The  front  portion  of  this  block 
of  buildings  will  be  taken  up  entirely  by  the  engine-room  on 
the  ground  fioor,  with  a  basement  under  of  similar  area. 

Between  the  engine  room  and  the  boiler-house  will  be  a 
small  wing,  containkig  on  the  ground  floor  a  store  room  and 
lavatory,  with  a  basement  under,  and  on  the  first  floor  a  small 
mess-room  for  the  attendant  containing  a  window  overlooking 
the  engine  room.  The  engine  room  will  be  36  feet  long,  28  feet 
6  inches  wide,  and  22  feet  high  &om  the  floor  to  the  tie-rod. 
The  main  iront  will  face  north-east,  and  in  the  centre  of  this 
front  will  be  a  small  entrance-porch  or  vestibule,  to  serve  as 
the  main  entrance  to  this  portion  of  the  scheme,  approached 
from  the  Board's  private  road.  There  will  be  no  communication 
internally  between  the  power  station  and  the  boiler-house ;  the 
arrangement  between  the  Drainage  Board  and  the  Health  Com- 
mittee being  that  the  production  of  steam  shall  be  entirely 
governed  by  the  Health  Committee,  for  which  the  Drain(^;e 
Board  will  pay  an  annual  fixed  sum. 

The  generating  plant  in  the  engine  room  will  consist  of  two 
3-phsse  generators,  direct  driven  by  BeUiss  engines,  and  provision 
will  be  made  for  a  third  set. 

The  engines  will  be  compound  two-crank  engines,  each 
capable  of  developing  175  B.H.P.  at  a  steam  pressure  of  130  lb. 
per  square  inch,  and  the  generators  will  be  B.T.H.  standard 
115  k.w.^ — 2000  volts — 50  cycles — ^revolving  field  three-phase 
generators,  each  equipped  with  shaft,  half  coupling,  ontboard 
bearing,  and  direct-coupled  exciters.  Each  of  these  will  be 
capable  of  standing  an  overload  of  10  per  cent,  continuonaly, 
25  per  cent,  for  one  hour,  and  50  per  cent,  momentarily.  The 
engine  room  will  also  contain  the  switoh-board.  This  will  con* ' 
aist  of  four  panels  of  polished  marble.  Two  of  these  panels 
will  control  the  generators,  and  the  remaining  two  panels  will 
be  for  the  high  tMisioB  and  low  tension  feedem.  The  panels 
for  the  generatco^  and  the  high  tension  panel  will  eodi-be 
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90  incbea  iagh  and  24  inchee  vide,  built  up  in  two  aeotiona ;  the 
low  tensioii  panel  will  be  90  inches  high  and  16  inches  wide. 
The  whole  of  the  electrical  work  will  be  carried  out  by  tlie 
British  Thomson-Houston  Ck)mpany,  Kugby. 

A  small  lij^ting  set  will  also  be  placed  in  the  engine  room 
for  the  purpose  of  l^hbbg  the  power  station  and  the  ptecipite- 
tioQ  tanks  at  SaMey. 

This  will  consist  of  a  aingle  vertical  engine  by  Messrs.  Bryan, 
Doukin  and  Clinch,  capable  of  developing  15(  B.H.F.  at  a 
speed  of  550  revolutions  per  minute  when  supplied  with  steam 
at  100  lb.  pressure,  connected  direct  to  one  10-k.w.  220-volt 
compound-wound  generator,  with  one  field  rheostat  and  multi- 
contact  switch. 

The  exhaust  steam  firom  the  engines  will  be  taken  down 
into  the  basement,  and  thence  to  a  feed-water  heater  to  be  fixed 
outside,  between  the  engine  room  and  the  boiler-house.  The 
class  of  heater  it  is  intended  to  adopt  will  be  Webster's  vacuom 
feed-water  heater  and  purifier,  with  oil  separator  attached 
capable  of  raising  the  t^peratnre  of  abont  8000  lb.  of  feed* 
water  per  hour  from  50°  F.  to  about  206"  F.  and  over,  when  fed 
continnously  with  exhaust  steam,  at  the  rate  of  not  leas  than 
1400  lb.  per  hour. 

The  travelling  crane  in  the  engine  room  will  be  supplied  by 
Messrs.  Higginbottom  and  Mannock,  Manchester.  This  orane 
will  be  capable  of  safely  lifting  6  tons  with  all  motions  worked 
by  hand-chains  &om  below.  In  construction  it  will  c^msist 
of  two  14-inch  by  6-inch  cross  steel  girders,  supporting  the 
necessary  travelling  and  lifting  gearing,  resting  at  eadi  end  on 
steel  canif^ee,  made  up  of  plates  and  angles,  each  cairiage  being 
fitted  with  two  cast-iron  travelling  wheels,  21  inches  diameter. 

The  arches  for  carrying  the  gantry  beams  (usually  placed 
internally)  have  here  been  placed  outside,  in  which  case  the  beams 
and  rails  will  rest  on  the  main  walls,  which  will  be  carried  above 
the  gantry  beam  by  the  external  arches.  This  form  of  con- 
struction will  greatly  add  to  the  appearance  of  the  buildii^, 
and  will  dispense  with  a  number  of  objectionable  angles  in  tiia 
engine  room. 

The  engine  room  will  be  ventilated  by  means  of  a  16-inch 
diuueter  electric  fan,  with  motor  for  220  volt  single  phase, 
capable  of  circulating  1260  cubic  feet  of  air  per  minute. 

There  will  be  a  glazed  brick  dado  in  the  engine  room  and 
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porch,  6  feet  high,  and  above  this  the  walla  viU  be  plastered 
and  oolonr-WB&lied.    The  floots  vill  be  tiled  with  encaustic  tiles. 

The  following  is  a  brief  description  of  the  general  materials 
to  be  used: — 

The  brickwork  generally  will  be  executed  in  Stafibrdshire 
brindle  bricks,  faced  extemally  with  selected  similar  brioks 
having  plum-colouied  stretchers  and  blue  headers,  laid  old 
English  bond  to  a  gauge  of  seven  courses  to  two  feet  Buff, 
plun  and  moulded  bricks  will  be  sparingly  used  externally,  so 
as  to  introduce  a  little  colour  in  the  elevations.  The  window- 
sills,  wall  copings,  and  the  copings  to  the  gable  ends  will  be  of 
Horsley  Castie  stone. 

The  roof  trusses  will  be  firamed  of  mild  steel  with  tee 
rafters,  fish-bellied  struts  and  round  bar  tie-rods.  The  tensile 
strain  specified  for  all  steel  work  is  27  to  31  tons  per  square 
inch  and  elongation  20  per  cent,  in  8  inches.  All  the  roofe 
will  be  open  boarded  roofe  covered  with  green  "  Precelly " 
Welsh  slates  in  random  sixes.  The  cement  intended  for  use  on 
this  work  will  be  required  bo  pass  a  sieve  of  14*400  meshes  to 
the  square  inch  without  leaving  more  than  10  per  cent,  residue, 
the  tensile  strain  of  neat  cement  briquettes  350  lb.  per  square 
inch  at  seven  days,  and  400  lb.  at  twenty-ei^t  days,  and  tiie 
speinfic  gravity  £rom  3 '00  to  3-16.  !nie  amount  of  water 
allowed  for  making  the  briquettes  is  18  per  oent.  The  test  for 
ground  lias  lime  grinding  is  900  meshes  to  the  aqnaie  inch :  this 
the  Author  has  found  very  much  too  large,  for  in  one  of  the 
tests  it  was  found  that  one  lime  when  put  Uurough  the  Mmmt 
sieve  only  left  15  per  cent,  residue ;  this  is  mentioned  simply  to 
■bow  tlut  the  old  specification  of  900  meehes  for  ground  lime  is 
now  out  of  date,  there  being  limes  now  sold  that  will  p&ss  this 
sieve  without  leaving  an  atom  of  residue.  Tb&  Author  is  of 
opinion  that  a  sieve  of  9000  meshes  to  the  square  inch  might 
now  be  specified  for  ground  lima  The  windows  throughout, 
except  ifi  the  cott^oa,  will  be  wrought  steel  sashes,  with  doable 
flanged  jambs  and  heads  and  single  flanged  sills  1}  inch  wide. 
The  glazing  will  be  15  oz.  sheet  glass  fixed  in  iron  with  lias 
lime  and  whiting  in  the  proportion  of  1  lb.  lime  to  14  lb.  of 
whiting  mixed  with  oiL 

The  contractors  for  the  buildings  ace  Uesars.  Lee  and  Son, 
Avenos  Boad,  Aston  Manor. 
r.    Finally,  Ute  Author  desiree  to  express  bis  best  thanks  to 
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i/ix.  J.  D.  Watson,  tlw  engineer,  for  his  kindness  and  conaidera' 
taon  in  placing  at  the  Author's  disposal  the  oppoitnnity  of  pre- 
senting this  paper  before  the  President  and  Membeis  of  the 
Association. 

The  estimated  cost  of  the  whole  scheme  is  made  np  as 
follows : — 

COBMBATIOH  op  BlKHDraBAV. 

Deatracbir boiue 4,214    0  0 

boUned  roadway  uid  bonndMj  w*llu^  8,7e7    0  0 

Drainage,  manholea,  eta. 100    0  0 

ChiBme;  fonndfttion 600    0  0 

fl       afaore  aaw  fonnatlon  level       ...  1 ,149    0  0 

Ontaldefllie 147    0  0 

Befiuehiniaaea,  air  hDi  and  engine*,  and  ait  be«ten  4,944  10  0 
HTdraolio  nun*,  pnmp  and  engine  in  oonueotloa 

with  fnnBOU 8S6    0  0 

Gaa  aod  water  terrioea  and  fitting*  1S7  10  0 


eallng,  caloiifl«r,  (team  kettle,  oren,  eto. 
oil  almkering  tro^e,  ooaoial  deaten 
Tram  llnet  Itnide  boildiuM  tar,  ditto 


leering  tra^  npaoial  deaten     .  00    0    0 


B  lajont 

Fixing  oDlj'  atotage  lank,  prorldlag  inlet  and  outlet 
ptpea,  ovetflow,  eto.,  and  gaa  and  water  depart- 
ment woA 

Two  cottage*,  widgli  oAoe  and  ftnuuUtioiu  for 
'rbbndge 


SDO    0    I 

Total  for  Gorpontion  of  Birmingbam  oaitfed 


0    0 


Boiler  hunee 1190 


Thme  UAlmm 141S  12  0 

Bailer  oonring SeOO 

Bteaalayoot                                                                1200    0  0 

Powwalalion 12ST    0  0 

'  Two  feed  pnnuM lOit    0  0 

One  feed  beater    .        .                                          ,         U    0  0 

Two  geoDiktiiifC  Mte 2400    0  0 

Main  iwitob-board  eomplete,  inolnding  cable  ccdi- 

neotkaia 890    0  0 

Llgliting  K>t IBO    0  0 

Bonndarj  fond ng  nod  entranoe  gate*                                    GO    0  0 

Trarelliag  overiiead  band  orane     .                                     ISS    0  0       . 

Total  for  Drainage  Board  carried  to  BDtnmary    £8662  12  0 

SmuiABV.  ... 

£       I.  a. 

CorponticaoflUminglMni    ....               17,040    0  0 

Drdnage  Board                 ,                                         S,662  12  0 

'    'HMMatofMfaMBq  -               V              - .    CU,7iM  1ft  ft    '-' 
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DISCUSSION. 

The  PBESrosHT  moved  a  vote  of  thaoka  to  the  Anthore  of  the 
tliree  papers. 

Uj.  a.  J.  Dickinson  :  I  would  like  to  ask  as  to  the  acte^e  of 
the  ana  drained  hj  the  Board.  In  the  papers  the  population  is 
given,  but  Dot  the  acreage.  Has  the  patting  of  Westrumite  on 
the  city  roada  a£fect«d  the  qualitrr  of  the  sewage,  that  is  to 
say,  has  it  made  its  presence  felt  at  the  works,  and  can  it  be 
identified  in  the  analysis  } 

Mr.  G.  W.  L&ciT :  I  have  great  pleasnre  in  seconding  the 
vote  of  thanks  to  the  Aathom  of  the  papers.  The  observations 
with  reference  to  the  construction  of  percolating  beds  are  very 
useful  indeed.  There  are  several  classes  of  materials  used  in  the 
beds  here,  but  I  do  not  know  whether  they  have  been  used  a 
sufBcient  time  te  determine  which  is  the  beat  and  most  satis- 
factory. I  should  like  to  know  whether  the  revolving  sprinklers 
have  been  satisfactory  in  work,  and  whether  fixed  sprays  have 
been  found  the  best  in  distribution.  They  Tould,  of  coarse, 
only  come  into  operation  where  there  is  sufficient  head  to  bring 
them  into  use,  as  they  require  more  head  than  the  sprinklers. 
The  difference  in  the  cost  of  constructing  bacteria  beds  with  the 
material  sloping  back  and  the  coat  of  vailing  the  beds  struck 
me.  It  does  seem  difficult  to  understand  that  the  cost  of  sloping 
back  should  be  double  that  of  boildiug  a  wall.  There  is  no 
qaeslaon  that  the  wall  is  much  the  better  job,  as  it  keeps  the  bed 
in  position  aiad  is  neater.  With  r^ard  to  the  analyses,  I  found 
on  working  out  the  percentages  of  purification  in  the  different 
beds  that  in  bed  A  the  dXygen  absorbed  figure  was  88  pee  cent, 
and  the  albamiuoid  ammonia  80  *  8  per  ceitt. ;  that  in  bed  B  t^ 
oxygen  abswbed  was  77 '2  per  cent,  and  the  albuminoid 
alnmonia,  68 '  3  per  cent. ;  in  bed  C  the  oxygen  absorbed  was  80 
per  cent  and  the  albominoid  ammonia,  67 '  5  per  cent. ;  and  in 
bed  £  the  oxygen  absorbed  was  82*4  per  cent.,  albuminoid  am- 
monia, 74  per  cent.  These  are  very  good  results  because  I  take 
it  the  beds  are  not  yet  sufficiently  matured,  but  why  the  A  bed 
should  be  so  much  better  that  all  the  others,  perhaps  Mr.  Bryan 
might  explain.  Then  with  r^ard  to  the  A  bed,  the  figures 
given  do  not  agree  with  the  date.  In  this  case,  tikere- is  very 
lit^  difierence  between  the  sewage  of  Joly  6  add  7;  so  t^t  it' 
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makes  no  difierence  in  Hie  percentage  of  purification.  But  on 
July  20  th^  fignrea  of  oxygen  absorbed  sbould  be  18*905 
instead  of  20*830,  and  of  albaminoid  ammonia  0*814  instead  of 
1-020.  That  alters  the  percentage  of  purification  in  oxj^en 
from  89  to  87 '5,  and  in  albuminoid  ammonia  from  88*4  to 
85  *  6  per  cent. 

Mi.  J.,  E.  WiLLGOX :  We  have  been  asked  over  and  over 
^lain  to  give  the  cost  of  bacteria  beds,  and  the  particulars  given 
to-day  will  be  of  very  great  value.  I  think  the  conclusion 
arrived  at  as  to  the  cost  of  walls  against  sloping  sides  a  valnable 
one.  I  have  made  the  same  calculations  and  come  to  the  same 
results.  It  is  cheaper  to  build  walls  than  to  have  sloping  sides 
of  the  filtering  media.  I  would  like  to  have  heard  some- 
thing as  to  the  disintegration  of  the  different  classes  of  filtering 
media,  broken  bricks,  slag,  and  clinker.  I  would  like  to  know 
whether  as  good  an  effluent  has  been  obtained  with  these  as 
with  granite.  I  will  not  discuss  the  vexed  question  of  floors, 
because  Mr.  Wataon  knows  that  I  am  not  at  all  one  with  him  as 
to  false  floras  as  against  drains,  but  very  excellent  resulta  are 
obtained  from  both  meUiods. 

Mr.  J.  B.  Watson  :  The  Birmingham  Tune  and  Bea  District 
Drainage  Board  was  constituted  by  Act  of  Parliament.  It  re- 
presents Birmingham,  the  predominant  partner,  Aston,  Hands- 
worth,  Smethwick,  King's  Korton,  Erdington,  Sutton  Coldfield, 
and  one  or  two  minor  places,  having  an  aggregate  population  of 
about  860,000  persons.  The  expenses  of  treating  ihe  sewage 
are  obtained  from  the  various  districts  by  charging  so  much  per 
rated  tenement  and  levying  a  precept  in  one  lump  sum  on  each 
of  the  constituent  authorities. 

Within  the  last  few  years  we  have  changed  our  method  of 
treating  sewage.  Formerly  it  was  treated  with  lime,  and  after- 
wards applied  to  the  land  by  the  systems  known  as  broad  irri- 
gation and  downward  intemittent  filtration,  but  now  lime 
treatment  has  been  done  away  wiUi,  and  instead,  the  sewage — 
after  the  road  detritus  has  been  taken  out — undergoes  a  proceaa 
of  fermentation  in  septic  tanks  before  it  is  used  for  irrigating 
the  land,  or  applied  to  bacteria  beds.  The  sludge  question  has 
been  one  of  very  great  difficulty.  The  quantity  to  be  dealt  with 
is  enormous,  and  its  objectionable  smeU  has  appeared  up  till  now 
to  be  ODconquerable.  Unfortunately,  we  have,  to  b^gin  with, 
a  sewage  which  is  very  difficult  to  septiaise.     In  ocdinuy 
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sewage,  anch  aa  tliat  met  vith  in  London,  there  are  fire  million 
or  more  micro-oz^aiuBmB  in  eveiy  cnbic  centimetre,  bat  here  in 
Birmingham  the  sewage,  as  it  comes  to  onr  woriis,  does  not  con- 
tain more  tlian  300,000  or  400,000  mitnxi-OTganiBms  per  cnbio 
centimetre.  That  is  largely  dae  to  the  iron  salts  and  acids  con- 
tained in  the  sewage.  Becently  I  have  adopted  a  plan  suggested 
by  mj  friend,  Mr.  Scott-Moncrieff,  of  hydroliaing  the  sewage  in 
one  set  of  tanks  before  passing  it  into  the  septic  tanks  for  more 
complete  hydrolysis ;  but  even  now  we  have  very  great  difficol:^ 
in  producing  active  fermentation.  The  valuable  information, 
which  is  contained  in  the  tables  accompanying  Mr.  Hart's  paper, 
will  be  of  assistance  in  still  further  elucidating  the  sludge  prob- 
lem, and  I  hope,  before  the  year  is  over,  to  be  able  to  say 
something  as  to  tlie  methods  which  should  be  adopted  in  dis- 
posing of  sludge  that  may  prove  of  importance. 

In  the  oonstmction  of  bacteria  beds  on  a  large  scale  we  are 
also  making  changes  which  will  be  of  great  valne  and  benefit  to 
the  community.  The  experimental  beds  are  experimental  only 
in  the  sense  of  their  being  different  in  some  respects  £rom  each 
other.  Thvy  are  all  capable  of  dealing  with  nearly  one  quarter 
million  gallons  of  sewage  per  day,  and  their  area  is  a  quarter  of 
an  acre  each. 

As  yon  will  have  observed,  we  have  not  consoled  ourselves 
with  tiie  idea  that  we  have  solved  the  sewage  problem.  In 
order  to  find  out  which  is  the  best  medium  to  be  used,  the  best 
axe  of  medium,  the  beet  method  of  constructing  the  beds,  and 
the  best  method  of  distribution,  no  two  beds  have  been  con- 
stmoted  alike.  This,  in  our  case,  is  absolutely  essential,  as  my 
board  are  conscdonB  thatit  will  be  necessary  to  extend  the  system 
very  considerably.  The  tendency  is  in  this  direction,  ratbeor 
than  continue  the  treatment  of  sewage  on  downward  intermittent 
filtration  beds.  I  hope  before  ten  years  have  elapsed  to  see  the 
whole  valley,  which  is  now  absolutely  covered  with  crude  sewage, 
as  inodorous  and  verdant  as  an  ordinary  farm.  WMle  we  are 
gtung  in  for  bacterial  treatment  on  a  laige  scale,  I  ought  to  say 
tiat  we  are  not  dissatisfied  with  land  treatment.  From  land  we 
can  obtain  a  purification,  on  the  oxygen  abswhed  basia,  of  &om 
92  to  93  per  cent.,  and  I  do  not  expect  to  get  higher  efficiency 
from  bacteria  beds ;  but,  if  we  can  reduce  the  area  under  sewage 
to,  say  one-fiftieth  of  the  present  area,  we  minimise  the  chance 
of  nuisance  to  that  extent.    I  think,  from  the  expetienoe  which 
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we  have  liod  of  good  peroolatmg  beds,  there  can  be  no  doubt 
that  one  acre  of  bed  will  be  sufficient  to  purify  as  much  sewage 
as  can  be  purified  on  from  50  to  70  acres  of  land,  and  this  can 
probably  be  done  at  less  cost ;  but  perhaps  the  strongest  reason 
for  the  change  of  policy  is  that  the  drainage  board  have  already 
acquired  nearly  six  milea  of  the  valley  of  the  Tame  (2830  acres), 
and  it  is  abnoet  impossible  to  acquire  mora.  While  we  are  thug 
ooniiDed  for  land,  the  various  towns  within  the  board's  district 
condnue  to  grow  at  such  a  rate  that,  if  we  were  to  continue  to 
depend  on  broad  iirigation  and  downward  intermittent  filtiation, 
we  should  have  to  acquire  and  lay  out  an  additional  1^  acre  per 
week.  That  is  a  big  thing ;  consequently,  it  wag  essential  that 
we  should  proceed  on  the  new  lines,  of  which  you  have  seen 
aomething  this  morning,  and  of  which  I  hope  you  will  see  more 
doting  the  afternoon. 

In  reply  to  queetiona  which  had  been  put,  the  first  precipi- 
tation tanks  were  constzucted  about  Glty  years  ago.  They  were 
boilt  by  the  late  Mr.  Thomaa  Eawksley,  and  the  moi«  recent 
tanks  and  filter  beds  were  constmcted  by  his  son,  Mr.  Charles 
Hawksley.  Samples  of  sludge  were  examined,  which  had  been 
removed  from  the  septic  tanks,  after  four  years'  continuoos  use. 
On  analysis,  it  proved  to  contain  60  per  cent,  of  inorganic- 
matter,  and  40  per  cent,  of  organic  matter.  It  contained  traces 
of  gold,  silver,  and  measurable  quantities  of  copper.  Br.  Rideal 
has  suggested  that  it  would  pay  to  recover  the  copper,  but  I  fipd 
that  to  do  this,  expensive  plant  would  have  to  be  found  for  the 
purpose,  and  I  have  not  information  enough  to  induce  my 
o(HDmittee  to  undertake  experiments. 

We  had  a  very  curious  experience  with  the  sill  over  whieh 
Uie  septic  tank  effluent  passes  on  its  way  to  the  land.  This  sill 
appeared  to  obstruct  the  flow  of  sewage,  and  on  looking  into  the 
matter,  I  came  to  the  concluaion  that  some  mistake  had  been 
made  with  the  level  The  tank  was  ordered  to  be  put  out  of  use, 
and  a  mason  sent  to  lower  the  level  of  the  sill  by  hewing  down 
what  appeared  to  be  Derbyshire  stone.  I  was  rather  as- 
tonished to  obtain  a  report  from  the  mason  to  the  effect  that  the 
aUl  was  formed  of  Staffordshire  blue  brick,  entirely  covered  with 
an  incrustation  of  lime.  My  explanation  is  that  the  sewage, 
which  must,  in  former  days,  lutve  contained  lime  to  the  extent  of 
10  grains  per  gallon,  had  formed  a  sort  (^  stalagmite  on  the 
silL  ; 
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The  in^ieetum  of  the  vwkg  began  tU  Sfeinvwth  Qrtmge, 
where  the  pwriJUaiion  vmrka  in  eourae  of  eonetruction,  including 
the  regulating  chamber,  the  Dorfmujid  sludge  tajiks,  the  experi- 
mental  haeteria  beds,  and  the  primary  and  secondary  percolating 
heds,  were  in^aceted. 

The  Members  then  drove  to  the  home  farm  at  Tyburn,  where 
Mr.  J.  B.  Watton  mo^  hospitaUy  entertained  kis  fellow  Members 
and  the  vintors  to  Iwncheon.  The  brmness  proceedings  of  the 
Meetij^  foUowed  the  lundieon. 

The  afternoon  was  devoted  to  an  inspection  of  the  SalUey  Works, 
ineiuding  the  sedimentation  toorks,  the  septic  tanks,  the  sludge 
tereening  and  sludge  ejedwn  TMiehinery,  and  the  storm  water 
filters.  Mr.  Watson  ansioered  a  number  of  juettvma  during  the 
iiupeeHon  of  the  works. 
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LANCASHIRE   AND  CHESHIRE 
DISTRICT  MEETING. 

September  24, 1904. 

Hdd  at  the  CowacU  OJiees,  WUhington. 
A.  T.  Datis,  M.IH8T.C.E.,  Prsbidknt,  in  the  Chair. 


Mb.  TintHBiJU.,  ChAirmati  of  the  District  Council,  received  Uie 
Members,  and  offered  them  a  hearty  welcome  to  Withington. 

The  President,  on  behalf  of  the  Association,  tfianked  the 
Chairmui  of  the  District  Council  for  the  kind  welcome  he  had 
given  them. 

The  President  referred  to  the  great  loss  the  Association  had 
sustained  in  the  death  of  Mr.  E.  B.  S.  Esoott,  Past-President. 

Mr.  Brownridge  was  onanimoosly  reelected  Hon.  Secretary 
for  the  Lanoashire  and  Cheshire  Distiict. 

The  following  papers  were  read  and  diacoased : — 

SEWERAGE   AND  SEWAGE-DISPOSAL  WORKS. 
By  JOSEPH  SWAEBEICK,  M.  Insi.  C.E. 

The  Author  begs,  in  compliance  with  the  request  of  the  district 
secretary,  to  submit  this  paper  as  an  introduction  to  ^lat  of 
Mr.  A.  H.  Mountain,  Assoc  M.  Inst.  C.E.,  the  district  engines 
and  surveyor,  upon  "  various  works  of  municipal  interest,  in- 
clnding  a  full  description  of  the  recently  completed  sewage 
disposal  works  "  designed  by  him  and  executed  under  his  super- 
vision.   The  object  of  tius  conunuiiicatioQ  is  to  aff<»d  an  oppor- 
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tunit^  of  obtaining  a  deacription  of  tha  schemes  of  sewerage 
and  sewage  disposal,  which  preceded  that  recently  ezecnted. 
That  duty  has  doubtless  been  enbusted  to  the  Anthor  on 
account  of  his  former  official  connection  with  the  district,  which 
enables  him  to  speak  of  various  projects  onder  considoation 
during  the  past  thirty  yearn. 

Though  not  the  engineer  for  the  sewage-disposal  woi^s  which 
preceded  the  present  ones,  he  was  from  their  inception  privil^ed 
to  be  associated  both  with  their  author  and  the  engineer  who 
supervised  their  execution. 

The  faithful  historian  who  attempts  to  deal  with  any 
scientific  subject,  after  a  lapse  of  a  quarter  of  a  century,  baa 
a  somewhat  delicate  task  to  perform,  if  he  seeks,  in  the  interests 
of  science,  to  reveal  the  whole  of  the  facta  which  are  so  essential 
to  a  complete  comprehension  of  any  subject.  In  the  present 
case,  the  advisers  consulted  were  all  men  whose  wide  experience 
was  at  that  time  an  ample  assurance  that  the  opinions  which 
they  expressed  were  oonsiHtent  with  the  latest  achievements  of 
municipil  engineering.  Had  they  been  pemtitted  to  practise 
in  these  days,  none  would  have  been  more  progresaive  than  they 
in  the  adoption  of  new  principles  in  the  design  of  any  works 
entrusted  to  them. 

The  Withington  district  (whioh  is  about  to  be  added  to  the 
city  of  Manchester)  covers  an  area  of  6728  acres.  It  was  first 
placed  under  the  jurisdiction  of  one  authority  for  sanitary 
purposes  in  August  1872.  In  1863  the  population  was  6273, 
and  the  rateable  value  34,420/.  Ten  years  later  the  number 
of  inhabitants  had  increased  to  12,850,  and  the  rateable  value 
to  82,110/.  The  present  estimated  population  of  the  district  (in- 
clusive of  the  ofBcers  and  inmates  of  the  workhouse)  is  upwards 
of  40,000,  and  the  rateable  value  is  258,888/.  The  sewage  of  the 
adjoining  urban  district  of  Levenahulme  has  also  been  treated 
at  tiie  outfall  works  at  Chorlton-cum-Hardy  since  1885.  The 
area  of  th%  joint  district  is  6334  acres,  and  the  estimated 
populataon  54,000.  Prior  to  the  constitution  of  the  rural 
saoitary  authority,  the  district  had  but  one  short  length  of 
recognised  public  main  sewer,  namely,  the  Didsbury  outfall 
sewer  conatmcted  as  a  reJief  work  during  the  cotton  fomine  in 
the  early  sixties.  Its  outfall  was  direct  into  the  river  Mersey 
near  "  The  Beeches."  Another  sewer  waa  laid  (about  the  same 
period)  jointly  by  the  landowners  and  the  turnpike  trustees 
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along  Xortenden  New  RoEid  (Palatine  Koad),  and  discharged 
direct  into  the  river  Mersey. 

In  1873,  when  the  newly  constituted  sanitary  anthority 
was  formed,  the  crade  sewi^  contribnted  by  a  popnlation  of 
12,860  was  being  discharged  direct  into  eitJier  the  river  Mersey 
or  its  bibntaries.  It  soon  became  imperative  that  a  scheme  for 
the  interception  of  the  sewage  most  be  considered.  Some  of 
the  moat  valuable  residential  property  in  the  district  was 
sitnate  in  close  proziioity  with  the  ontfalls  into  the  river. 
AlmoBt  every  minor  stream  had  been  converted  into  an  open 
aewer.  The  Rivera  Pollution  Prevention  Act,  1876,  had  not 
then  passed  into  law,  but  its  provisions  were  being  anticipated, 
and  the  rural  sanitary  authority  irom  the  outset  saw  that  any 
scheme  of  sewerage  adopted  must  be  such  that  was  consistent 
with  the  proper  treatment  of  the  sewage  before  its  discharge 
into  the  river  Mersey. 

In  January  1874,  Messrs.  Cawley  and  Newton,  civil  en- 
gineers of  Manchester,  sabmitted  to  the  rural  sanitary  authcoity 
their  first  report  upon  the  main  drainage  of  the  Withington 
district.  The  scheme  recommended,  if  carried  out  in  its  en- 
tirely, would  have  involved  an  estimated  expenditure  of  66,0007. 
It  was  proposed  to  carry  tlte  main  outfall  aewer  as  far  as 
Flixton,  provided  that  experience  proved  that  irrigation  was 
the  proper  mode  of  disposing  of  sewage,  as  there  was  no  land 
or  very  little  available  for  tiie  purpose  nearer  than  that  above 
the  confluence  of  the  Irwell  and  the  Mersey. 

The  engineers  were  also  aaked  to  advise  "as  to  the  best 
methods  of  disposing  of  sewE^"  It  is  now  of  historical 
interest  to  record  in  their  own  words  their  views  at  that  time 
upon  the  subject.  They  said :  "  We  must  confess  that  on  this 
point  we  are  not  prepared  yet  to  give  a  decided  opinion,  but  are 
in  the  hopes  tliat  before  long  experiments  which  are  being  made 
will  enable  a  more  accurate  judgment  to  be  formed.  We 
believe  that  in  many  cases  aeirage  is  and  may  be  applied  to 
irr^tion  with  advant^e  and  without  nuisance,  but  we  are 
aware  that  the  greatest  care  and  judicious  management  are 
necessary  to  ensure  these  results,  and  that  ^eqnently  there  is 
cause  of  complaint  As  to  other  modes  of  dealing  satisfactorily 
with  sewage,  we  do  not  think  that  sufQcient  data  exist  for 
forming  a  sound  impartial  opinion,  and  therefore  we  wish  to 
postpone  our  decision  on  that  point" 
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Kow,  after  a  lapse  of  30  years,  we  have  a  Boyal  Commission 
appointed  several  years  ago,  still  reserving  its  final  decision 
Qpon  this  same  qnestion :  "  What  are  the  best  methods  of  dis- 
posing of  sewage  ?  " 

The  population  of  the  district  in  1874  was,  as  stated,  12,850. 
The  proposed  ontfall  sewer  up  to  Ghorlton-cum-Hardy  was  to 
have  had  a  discharging  capacity  of  36  million  gallons  per  day, 
where  it  was  proposed  to  dischai^  by  an  overflow  whatever  ex- 
ceeded 16  million  gallons  per  day.  The  engineers  considered  that 
"  it  was  scarcely  probable  that  the  population  could  reach  100,000 
in  the  next  50  years  (1924),  but  aSsuming  it  to  do  so,  and  the 
average  number  per  acre  to  be  150  persons  in  the  urban  por- 
tion, it  would  be  equivalent  to  draining  a  town  population  of 
670  acres.  The  sewage  proper  from  18,200  houses,  which  they 
would  occupy,  would  not  reach  2  million  gallons  par  day." 
During  the  interval  of  30  years  the  population  has  increased  to 
upwards  of  40,000,  but  for  sewage  purposes  the  oontributiDg 
population  is  54,000,  on  account  of  the  sewage  of  the  urban 
district  of  Levenahulme  flowing  into  the  Withington  sewers. 
The  present  average  daily  dry-weather  flow  approaches 
3|(  million  gallons.  The  cause  of  that  will  be  referred  to 
hereafter. 

The  rural  sanitary  authority  practically  consisted  of  four 
guardians  elected  for  other  duties.  The  authority  felt  great 
reluctance  in  accepting  the  responsibility  of  spending  npon  main 
drainage  works  55,000/.  on  behalf  of  a  disbdct  having  then  a 
rateable  value  of  only  82,110/.  In  March  1874,  the  authority 
sought  an  interview  with  the  President  and  Sectetaries  of  the 
Local  Government  Board,  to  whom  they  explained  their  diffi- 
culties. That  resulted  in  the  holding  of  an  official  inquiry 
nominally  as  to  the  desirability  of  constituting  a  local  board,  but 
in  fact,  as  to  the  merits  of  Messrs.  Cawley  and  Newton's  scheme. 
Great  opposition  was  laised  to  the  proposal  to  constitute  a 
local  bcKtrd,  as  well  as  to  the  adoption  of  the  scheme.  The 
ioBpectoT  expressed,  informally,  a  qualified  approval  of  the 
scheme,  except  the  extension  to  Flixton.  That  expression  of 
opinioQ,  as  will  be  seen  hereafter,  had  a  potent  influence  upon 
the  future  local  authority  of  the  district  when  they  were  com- 
pelled to  take  decisive  action. 

It  may  be  of  interest  to  state  that  during  the  summer  of 
1874  Captain  Leimur's  pneumatic  system  of  drainage  then  in 
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opeiataon  at  Amfiterdam  and  Leydea  was  brought  under  tlie 
notice  of  the  mral  Banitaiy  authority.  Captain  Leimnr  was 
invited  to  advise,  which  Tesolted  in  hia  snbmitting  two  projects, 
estimated  to  cost  respectively  62,500Z.  and  65,000/.,  beddea 
which  th^  would  have  involved  an  additional  annual  outlay  for 
working  expenaes  (inclusive  of  depreciation)  of  1710/.  Those 
Members  who  saw  the  system  working  in  Holland  entertained  a 
very  favourable  opinion  of  it.  It  was,  however,  found  that  the 
system  could  only  be  adopted  heie  under  serious  disadvantages, 
and  the  local  difflcolties  prohibited  its  adoption. 

There  was  yet  another  scheme  of  drainage  considered,  which 
embraced  the  aoulliem  auborba  of  Manchester,  which  was  -pn- 
pared  by  a  well-known  local  civil  engineer,  the  late  Mr.  B.  W. 
Barnes.    None  of  these  schemes  were,  however,  adopted. 

In  1876  the  mial  sanitary  authority  was  sup^-seded  by  a 
local  board,  which  was  constituted  in  September  of  that  year. 
Threats  of  legal  proceedings  against  the  newly  constituted  local 
authority  speedily  convinced  that  body  that  it  was  not  likely  to 
be  permitted  to  indulge  in  the  pleasures  of  masterly  inactivi^. 
The  combined  pressure  of  riparian  owners  and  of  the  Loc^ 
Government  Board,  who  declined  to  sanction  any  expenditure 
for  much-needed  private  improvement  works  until  an  assurance 
was  received  that  no  time  would  be  lost  in  carrying  out  a  com- 
plete scheme  of  sewerage  and  sewage  disposal,  forced  the  local 
board  to  take  action.  The  late  Mr,  John  Newton,  M.  Inst.  CJI., 
of  the  firm  of  Messrs.  Cawley,  Newton  and  Smith,  civil  ei^ineera 
of  Manchester,  was  instructed  to  report.  Mr.  Newton  was 
requested  to  consider  (a)  all  possible  outfalls  and  modes  of 
dealing  witii  the  sewage  within  the  district ;  (b)  beyond  die 
district ;  (c)  to  advise  as  to  the  desirability  of  joining  the  pro- 
posed Manchester  scheme,  prepared  by  die  late  James  G.  Lynde 
and  J.  F.  Bateman,  MM.  Inst.  C.E,  The  report  when  submitted 
aSbrded  a  selection  of  seven  different  schemes,  four  of  which 
were  seriously  considered  by  the  Local  Board,  viz. ; 

BiUnuIrd 
SdMOW.  ToulCcuL 

OhOTlton  Bes  (irrigation) 41,900 

(piedpitation) 97,900 

Flixton  aoheme         59,900 

Hftnoh  ester  ■ahem« 61,400 

Of  the  foregoing  schemes,  there  were  but  two  which  were 
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really  practicable.  They  were  the  Chorlton  Ees  scheme  (pio> 
Tided  suCGcient  land  had  been  acquired),  which  was  adopted  in 
a  mutilated  form,  and  the  Flixton  scheme.  The  Chorlton 
scheme  (irrigation)  as  proposed,  suggested  the  acquisitioQ  of  179 
acres  of  land,  of  which  100  acres  were  to  be  laid  oat  in  the 
first  instance.  The  Flixton  scheme  was  TirtnaUy  that  outlined 
in  the  report  to  the  rural  sanitary  authority  in  1874  About 
400  acres  of  low  land  immediat«ly  above  the  confluence  of  the 
Mersey  and  Irwell  was  to  have  been  acquired.  The  outfall 
sewer  was  suggested  at  such  a  depth  below  the  surface  as  would 
have  been  available  for  the  districts  of  Moss  Side,  Streti'ord,  and 
Urmston.  For  Withington,  it  was  suggested  to  lay  out  about 
100  acres;  as  was  also  proposed  in  the  case  of  the  site  at 
Ghorlton-cum-Hardy. 

There  was  at  that  time  so  much  uncertainty  as  to  when  the 
Manchester  Corporation  was  likely  to  be  galvanized  into  a  state 
of  activity  regarding  the  question  of  sewage  disposal,  that 
Withington,  with  the  obligations  imposed  upon  it,  conld  not 
apparently  postpone  the  question  indefinitely,  as  Manchester 
was  then  doing.  It  was  not  until  September  1888  (ten  years 
later)  that  the  first  Local  Government  inquiry  was  held,  at 
Manchester,  in  reference  to  a  sewage  disposal  scheme  for  the 
city.  Another  factor  which  influenced  the  local  board  in  deter- 
mining not  to  enter  into  ne^tiations  witii  the  city,  doubtless  was 
the  advice  of  their  engineers  to  the  effect  that  an  independent 
scheme  would  be  the  most  economical. 

Having  submitted  the  schemes  to  the  authority  with  lucid 
explanations  as  to  the  merits  and  demerits  of  the  several  pro- 
jects, the  engineer'a  responsibility  ceased.  It  remained  for  the 
local  board,  acting  under  the  control  of  the  Local  Govenuaent 
Board,  to  decide  which  scheme  should  be  adopted.  The  majority 
upon  the  local  board  was  very  largely  governed  by  the  action  of 
the  central  authority  r^arding  the  Flixton  scheme  when  pre- 
viously recommended  to  the  rural  sanitary  authority  in  1874. 

At  that  time,  it  will  be  remembered,  the  inspector  "  ex- 
pressed infoitm^lly  a  qualified  approval  of  the  scheme,  except  the 
extendon  to  Uiaton."  That  expression  of  opinion  led  the  local 
board  to  suppose  tltot  Uie  Flixton  scheme  would  not  be  approved, 
and,  seeing  that  it  was  the  most  costly  scheme,  it  needed  little 
to  prejudice  the  newly  constituted  authority  against  iL  There 
was,  however,  a  determined  minraity  representing  Chorlton- 
oum>Hardy  that  fought  moat  strenuously  against  the  Chorlton 
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Ees  scheme,  both  upon  the  local  board  and  at  the  Local  Govern- 
ment inquiry,  advocating  the  alternative  mote  costly  scheme. 
Under  all  the  circnmstanceB  of  the  case  it  is  not  surprising  to 
find  that  the  local  board  approved  of  the  Chorlton  Ees  scheme 
in  1879,  and  obtained  the  approval  of  the  Local  Government 
Board  to  its  execntion. 

At  the  Local  Government  inqniiy  the  opposition  of  residents 
and  land  owners  succeeded  in  imposing  upon  the  local  board 
conditions  which  had  a  most  serious  effect  upon  the  scheme  of 
Messrs.  Cawley  and  Newton.  Instead  of  being  able  to  acqoiie 
179  acres  of  hmd,  compulsory  powers  could  only  be  obtained  to 
acquire  72  acres.  Up  to  that  time  it  had  been  supposed  that 
the  quantity  of  sewage  might  be  deteimined  by  assuming  it  to 
equal  a  water  supply  of  20  gaUons  per  head  per  day.  The 
population  was  estimated  (1878)  at  15,000 ;  the  daily  volume 
of  sewage  at  300,000  gaUous.  The  popidatioa  was,  however, 
fast  increasing,  and  in  30  or  40  years  it  was  said  that  it  would 
probably  reach  50,000.  The  engineers  stated  that,  "  It  was  a 
debatable  point  as  to  the  degree  of  dilution  which  could  be 
considered  unobjectionable,  and  it  must  be  determined  in  each 
case  by  reference  to  the  size  and  nature  of  the  stream  into  whidi 
diluted  sewage  is  discharged."  They  adopted  ultimately  4  times 
the  dry-weather  flow  &om  a  population  of  50,000  (taken  at 
1,000,000  gallons  per  day)  in  determioing  the  discharging 
capacity  of  the  main  oudall  sewer.  The  size  of  the  outJall 
sewer  propoeed  was  3  feet  by  2  feet  with  a  fall  of  1  in  1500, 
with  an  estimated  discharging  power  of  5,000,000  gaUons  per 
day. 

In  tiie  interval  which  elapsed  between  the  promotion  of  the 
original  Chorlton  Ees  scheme  and  the  acquisition  of  the  reduced 
area  of  land,  great  diversity  of  opinion  was  expressed  as  to  the 
advisability  of  attempting  to  treat  the  sewage  of  the  district 
upon  the  small  area  ultimately  available.  Some  members  of 
the  Board  obtained  information  as  to  the  works  designed  by  the 
late  Mr.  John  Bailey-Benton,  M.InstC.K,  at  Abingdon,  Eendal, 
Bamsley,  Dewsbuiy,  and  other  places,  where  he  had  adopted  tlie 
principle  of  "  downward  intermittent  filtration  "  through  deeply 
drained  suitably  conatitnted  soil.  It  had  already  been  realised 
that  of  the  72  acres  acquired  only  about  50  to  60  acres  would 
be  available  for  the  treatment  oF  sewage,  which  implied  that 
the  sewage  contributed  by  1000  persons  would  ultimately  be 
applied  to  each  acre  of  the  filtration  beds. 
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The  board  sought  the  advice  of  Mr.  Denton  as  to  the  lading 
out  of  the  land,  and  he,  acting  upon  the  instnictions  supplied  to 
him  by  certain  members  of  the  Board,  reported  as  follows : — 

"About  50  acres  of  the  land  Bhonld  be  prepared  for  the 
leady  abeorption  of  the  dry-weath«r  outflow  caieulated  at  1,000,000 
gailoM  daily,  while  the  remainder  ebonld  be  formed  into  beds 
and  planted  with  prickly  comfrey  and  osiers  to  receive  and 
daiify  any  sewage  (when  diluted  above  1,000,000  gallons) 
vliich  t}ie  land,  when  suddenly  covered,  will  not  absorb." 

It  will  be  observed  that  no  reference  is  made  in  any  of  the 
reporta  quoted  regarding  the  actual  dry-weather  flow  of  sewage 
discharged  from  the  then  existing  seweis.  The  fact  was,  that 
when  the  engineers  were  instructed  there  were  no  available 
plans  or  sections  showing  the  actual  positions,  dimensions,  or 
levels  of  any  of  the  sewers.  Few  manholes  existed  upon  them, 
and  it  was  impossible  in  tiie  short  time  at  the  disposal  of  the 
engineers  (even  bad  the  board  been  prepared  to  incur  consider- 
able expense  in  sinldDg  upon  severs  laid  in  treacherous  ground) 
to  obtain  actual  gangings. 

Mr.  Denton,  who  received  the  whole  of  his  preliminary 
instmctions  direct  &om  a  consultative  committee,  was  obliged 
to  rely  absolutely  upon  the  data  supplied  to  him  by  men  who 
did  not  claim  to  be  experts.  He  therefore  believed  implicitly 
tbat  the  oltimate  dry-weather  flow  in  30  or  40  years  would 
not  exceed  1,000,000  gallons  daily.  He  was  also  not  made 
•ware,  at  that  time,  of  the  fact  that  the  Withington  Board  con- 
templated entering  into  an  agreement  with  the  Levenshulme 
local  board  to  treat  a  volume  of  sewage  not  exceeding  935 
gallons  per  minute  whenever  that  district  (tiien  sparsely  popu- 
lated) so  extended  as  to  yield  that  volume. 

It  is  necessary,  in  order  to  fully  appreciate  future  develop- 
ments, to  bear  this  &ct  in  mind. 

It  was  under  these  ciicnmstanoea  that  an  anthori^  that  had 
been  thwarted  in  acquiring  a  Buffident  area  of  suitable  land,  in 
perplexity  sought  the  advice  c^  Mr.  Denton,  and  determined  to 
entrust  htm  with  the  laying  out  of  the  sewage  fium  at  the 
Chorlton  Eee. 

The  Author,  who  was  at  this  period  officially  connected  with 
the  district,  had  then  no  connection  with  the  drainage  scheme, 
being  fully  occupied  with  multifarious  duties  imposed  upon  one 
in  chai^  of  a  newty  constituted  district ;  where,  in  adi^tion  to 
modi  tontiiie  work,  he  was  speedily  engaged  in  Parliamentary 
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ftpplicatlooa  and  oppositions  as  to  tnuavays,  negotiations  as  to 
one  raU'way,  opposition  to  another,  obtaiiiing  way-leaves  for 
sewers,  varions  public  improvement  woiks,  securing  sites  for 
offices  and  depots,  as  well  aa  advising  as  to  the  conduct  of  an 
architectural  competition  for  new  public  offices,  mncb  lazger 
than  those  subsequently  erected. 

One  of  Mr.  Denton's  first  recommendations  upon  his  appoint- 
ment was  that  the  board  should  be  their  own  contractors.  Upon 
his  advica  Mr.  Samuel  Johnson  was  appointed  as  superintendent 
of  the  works,  and  later  the  Author  was  associated  with  Mr. 
Denton  in  connection  with  the  outfall  works,  it  having  then 
been  determined  that  the  construction  of  the  main  sewerage 
works  was  to  be  executed  under  the  Author's  directions,  in 
accordance  with  the  scheme  of  Messrs.  Cawley  and  Newton, 
subject  to  certain  modifications  recommended  1^  Mr.  Denton, 
to  bring  the  scheme  into  harmony  with  hia  recommendations 
as  to  the  disposal  works.  Having  in  carrying  out  vaiious  works 
subsequent  to  1877,  discovered  that  the  sewage  in  many  of 
the  existing  sewers  was  highly  diluted  with  subsoil  water,  the 
Author  &om  time  to  time  availed  himself  of  every  opportunity 
of  gaugii^  the  overflow  from  the  various  contributing  sewers, 
BO  that  by  d^rees  he  was  able  to  collect  a  sufficient  number  of 
actual  gaugings  to  arrive  at  a  reliable  estimate  of  the  minimnm 
dry-weather  flow  of  sewage  likely  to  be  received  at  the  outfall 
works  on  completion.  These  observances  were  in  due  course 
submitted  to  Mr.  Denton,  with  the  result  that  we  were  jointly 
instructed  to  advise  upcoi  the  best  practicable  meuis  of  litniting 
the  dischai^  upon  the  sewage  works  and  of  dealing  with  the 
strain  water.    But  Uiere  the  matter  ended. 
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The  area  of  land  actoally  acquired  was  78  acres ;  67  acres 

were  available  for  the  treatment  of  sewage.  The  particulars  of 
the  area  of  the  &rm  as  laid  out  were  as  follows : — 

Flltntbm  UM     4S    0  28 

OaiwiMdi 8    0    8 

BmbMknenta,  watar,  eto. 15    8  Ut 

LMdontddaUu&nB      i   3  80 

Total     ..     ..  78   «   • 
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He  farm  proper  may  be  said  to  have  had  an  area  of  nearly 
T3  acres.  The  site  u  bounded  on  the  north  by  the  Chorlton 
brook,  on  the  aoath  and  vest  by  the  river  Metsey,  and  on  the 
east  by  an  earthen  embankment  10  feet  in  height,  battered 
2  to  1  and  1^  to  1  to  form  a  protection  against  flood-water  (to 
-which  the  lutd  had  previously  been  subject)  in  case  ctf  the  borst- 
ing  or  overflowing  of  the  river  banks  above  the  farm. 

Throughout,  tixe  subsoil  consisted  of  a  deposit  of  aUnviam, 
sever  previously  effectively  drained.  Its  character  varied  on 
different  parts  of  the  land.  Although  numerous  trial  holes  were 
dng  before  the  land  was  acquired,  its  true  nature  was  not  de- 
termined until  the  under-drainage  works  were  executed.  Speak- 
ing generally,  the  north  side  was  much  more  retentive  than  t^e 
flontii  side.  From  the  first  this  was  so  apparent  that  the  under- 
drains  on  the  north  aide  were  placed  33  feet,  and  those  on  the 
sooth  side  150  feet,  from  centre  to  centre. 

The  main  efBnent  ontfall  drain  was  930  yardtf  in  length, 
30  inches  in  diameter,  laid  to  an  inclination  of  1  in  2000.  It 
passed  through  a  cast-iron  syphon  60  feet  in  length,  nnder  the 
Chorlton  brook,  and  discharged  into  a  small  waterconrse  called 
the  "  Onset  brook,"  which  flows  within  an  artificial  flood-channel, 
several  miles  in  length,  constructed  many  years  ago  for  the 
relief  of  the  river  Mersey,  at  a  point  some  distance  above  the 
Bridgewater  Canal. 

The  under-drainage  of  the  iarm  was  laid  at  a  minimum 
depth  of  nearly  5  feet  below  the  level  of  the  filtration  areas,  and 
vaa  constructed  chiefly  of  circnlar-socketed  glazed  pipes,  vary- 
ing from  6  inches  to  18  inches  in  diameter.  This  work  was 
executed  at  a  time  when  one  frequently  heard  the  advocates  of 
shallower  drains  contend  against  the  system  adopted.  The 
Author  can,  however,  bear  testimony  to  the  &ct  that  the  porosity 
of  the  subsoil  was  vastly  increased  by  Mr.  Denton's  works.  In 
many  instances  the  exuberant  growth  of  the  crops  over  the 
nnder^lrains  and  for  some  distance  on  either  side  demonstrated 
most  clearly  the  value  of  nnder-drainage,  from  the  standpoint  ot 
the  agriculturalist. 

The  flltration  areas  were  divided  into  beds  about  9  feet  wide, 
parallel  with  the  drains.  They  were  separated  by  distributing 
gripe  2  feet  in  width.  The  osier  bed,  8  acres  in  extent,  was 
intended  to  be  used  only  for  the  reception  and  treatment  of  the 
stfom-water  in  excess  (d  the  r^olar  dry-weather  flow. 
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The  sewage  entered  the  farm  at  its  north-eaatern  ancl  aonth- 
eaatem  extremitieB  by  two  outfall  sewers,  each  diachorgiiig 
into  separate  sets  of  screening  tanks,  from  which  it  passed 
through  tindergtoond  IS-inch  circular  socketed  fireclay  pipe 
conduits,  and  was  delivered  in  a  crude  state  upon  the  land  &om 
one  or  more  distribating  chambers  upon  each  filtration  area. 

The  Author's  ohserrations  Bhowed  that  the  fiow  ia  the 
effluent  ontfaU  was  equal  to  48  per  cent  of  the  volume  of 
sewage  distributed  upon  the  filtratitm  areas,  pins  the  rain&U 
theteon, 

Tha  average  coat  of  the  land  (inclusive  of  tenants'  com- 
pensation) was  about  157^.  per  acre.  The  cost  of  the  sewage 
farm  was  equal  to  22s.  9<2.  per  head  of  the  contributing  popn- 
lation,  in  1885.  The  average  cost  of  tmder-drainage  was  35^ 
per  acre.  The  cost  per  acre  of  sewaged  land  for  tanks  and 
distribution  was  18^.  15a  ;  the  avert^  cost  per  acre  of  the  &rm 
for  the  whole  of  the  works  was  1151. 10s. 

So  far,  the  Author  has  alluded  only  to  the  historical  pbasea 
of  the  earlier  aewage  disposal  works  at  Withington,  and  the 
manner  in  which  the  works  were  executed.  The  object  of  the 
Members  of  this  Association  in  visiting  each  town  is  to  obtain 
actual  facts  concerning  municipal  undertakings.  The  Author, 
though  one  of  the  oldest  Membera  of  this  Association,  has  tot 
many  years  devoted  himself  to  private  practice,  but  for  ten 
years  he  has  been  a  member  of  the  local  authority  and  has 
had  the  works  referred  to  under  his  observation. 

When  the  engineer  who  laid  out  the  farm  was  consulted,  he 
was  asked  by  the  late  local  board  to  deal  with  the  land  on  the 
assumption  that  there  would  be  an  immediate  daily  dry-weather 
flow  of  300,000  gallons  which  might  be  increased  to  1,000,000 
gaUons  daily. 

The  actual  gangings  of  the  sewers  taken  by  the  Author, 
after  he  was  requested  to  act  in  connection  with  the  sewerage 
works,  subsequent  to  the  appointment  of  the  engineer  for 
disposal  works,  revealed  the  &ct  that  when  the  whole  of  the 
dry-weather  sewage  to  be  delivered  upon  the  Farm  was  inter- 
cepted it  would  not  be  300,000  gallons  but  nearer  1,800,000 
gallons  or  six  times  the  water  supply  at  that  time.  To  increase 
the  difficulty  of  the  situation,  the  newly  constituted  board, 
anxious  to  obviate  the  nuisance  which  might  have  arisen  if 
Levenshulme   had   established    an  outMl  works  within  the 
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Withington  district,  entered  into  a  proTifliooal  agreement 
binding  themselves  to  treat  tlie  Lerenahnlme  sewage  at  the 
Withington  savage  works  at  Choilton-cuni'Hardy.  Although 
the  poptdation  of  Levenshulma  at  that  time  was  only  3600,  it 
has  ainoe  been  qaadmpled,  aod  the  agreement  provided,  upon 
oertain  terms,  for  the  treatment  of  a  volume  not  exceeding  936 
gallons  per  minute.  For  a  similar  reason  at  a  later  date, 
(previous  to  U»e  delivery  of  the  Withington  sewage  on  the  land) 
negotiations  were  actu^y  commenced  between  the  local  boards 
of  WithingUm  and  Bushtdme  with  a  view  to  treating  the 
Bosholme  sewage  as  w^  In  that  case  the  Author  was, 
however,  consulted ;  and  he  succeeded  in  showing  that  the  only 
oonditioDS  npon  which  Withington  could  undertake  the  obliga- 
tions (tf  Sosholme  were  such  that  it  would  be  better  for 
Bofiholme  to  adopt  the  other  alternative  which  was  open  to  it 
of  arranging  for  Manchester  to  take  its  sewage;  which,  in- 
directly, had  the  effect  of  causing  that  district  to  be  included 
within  the  City  boundary.  Otherwise  the  difBcultiea  of 
Withington  would  have  been  still  further  increased. 

Sewage  was  first  passed  npon  the  land  through  the  20-inch 
cast-iron  main  &om  what  is  locally  known  as  Lord  Egerton'a 
sewer,  then  draining  the  Whalley  Eange  section  of  the  district, 
on  January  10, 1884  The  sewage  was  highly  diluted,  and  in 
exceptionally  dry  weather  1^  flow  was  about  300,000  gallons 
per  day,  but  during  dry  weather  whilst  the  sabsoil  was 
saturated  the  daily  yield  of  that  sewer  alone  was  regularly 
600,000  gallons.  Whenever  heavy  falls  of  rain  occurred, 
the  storm  overflow  into  tiie  Chorlton  brook  was  speedily 
brought  into  action,  and  any  storm-water  passed  on  to  the 
land  was  discharged  into  the  osier  bed  and  thence  into  the 
river  Mersey.  Betwew  the  first  delivery  of  sewage  upon  the 
land  and  the  dischaige  of  the  whole  volume  of  1,800,000  gallons 
from  an  estimated  population  of  21,000  an  interval  elapsed  of 
rather  more  than  a  year.  In  the  interval  crops  were  cultivated 
with  reasonable  success.  The  efQuent  throughout  that  period 
was  perfectly  satisfactory;  but  it  was  evident  to  a  close 
observer,  that  owing  to  Uie  retentive  nature  of  fully  one-half 
the  area  of  die  land,  it  was  being  worked  to  its  full  capacity. 
The  wisdom  shown  by  Mr.  Bailey-Denton  in  laying  deep  drains 
was  fully  proved.  On  the  one  kind,  there  was  no  question  that 
the  sewage  did  filter  through  the  toil  to  the  druns;  and  the 
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depth  of  cracks  oa  the  surface  of  the  land,  darmg  coatiaooos 
hot  weather,  shoved  that  had  the  drains  been  shallower  the 
sewage  would  of  oecessity  have  reached  them  without  proper 
filtratioQ  throogh  the  soil  taking  placa 

During  1885  the  whole  of  the  daily  outflow  of  1,800,000 
gallons  was  deliTered  upon  the  land,  and  from  that  date  nntil 
the  completion  of  the  new  bacteria  beds  recently  constructed  l^ 
Mr.  Mountain,  the  Author  ventures  now  to  assert  that  the 
efBoent  has  never  been  satisfactory. 

The  local  board  of  1885  foond  themselves  in  a  real  dilemma. 
Few  of  the  members  knew  the  history  of  the  scheme  they  had 
brought  to  completion.  The  earlier  scheme,  with  an  outfall  at 
Flixton,  which  would  have  saved  them  from  their  trouble,  was 
nnknown  to  most  of  them.  The  reduction  of  the  area  at 
Chorlton  Ees  from  179  axxea  to  72  acres,  to  meet  the  wishes  of 
residents  and  opposing  land  owners,  had  been  forgotten.  Even 
those  who  had  advocated  the  reception  of  the  Levenshulme 
sewage,  to  avoid  establishing  an  outfall  works  in  the  Withing- 
ton  district,  could  not  realise  the  seriousness  of  their  action 
under  the  altered  conditions.  In  those  earlier  years  it  was  the 
habit  of  the  board  to  leave  to  a  consultative  committee  anoh 
matters  as  the  sewage  disposal.  Committees  of  that  kind  fre- 
quently feel  themselves  justified  in  acting  upon  their  own 
initiative  after  visiting  various  other  works,  often  differing  in 
essential  features  &om  those  required  for  the  district  under 
ibeii  consideration.  The  farm  at  Chorlton  was  literally  flooded 
out  during  wet  weaUier.  Storm-water,  of  coarse,  passed  into  the 
river  untreated.  At  this  period  a  farm  manager  was  appointed 
who  possessed  a  knowledge  of  £arming  and  hraad  irrigation. 
The  committee  soon  decided  to  cause  a  relief-outlet  to  be  made 
at  one  end  of  the  osier  bed.  The  number  of  drains  upon  the 
fEirm  was  speedily  trebled.  The  new  ones  were  laid  within 
3  feet  (instead  of  6  feet)  of  the  surface.  The  soil  upon  them 
was  only  "  punned "  1  foot  in  thickness,  instead  of  up  to  the 
surface  as  formeriy.  Some  were  covered  with  cinders.  During 
the  winter  of  1885-6  about  40  acres  of  the  careftUIy-drained 
filtration  areas,  laid  out  with  the  utmost  precision  under  the 
supervision  of  Mr.  Bailey-Denton,  were  treated  in  this  manner. 
From  that  time  the  land  was  capable  of  darifying  a  much  larger 
volume  of  sewage,  but  the  effluent  dischai^^  into  the  "  Oosel 
brook  "  was  never  bo  pure  aa  it  was  previous  to  tlie  execaticai  of 
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those  works.  So  oonstact  were  the  complaints,  that  a  little  later 
a  sapplementary  outfall  had  to  be  made,  under  Mr.  Moontain's 
direction,  which  discharged  into  the  Chorlton  brook  whenever 
the  smface  level  of  that  sti«am  would  permit  of  its  nae. 

In  1895  the  present  district  council  fonnd  themselves  coping 
with  increased  difficulties.  The  popnlationB  of  both  Withing- 
ton  and  Levenshulme  had  increased  considerably — then  having 
reached  about  50,000.  The  daily  outfiow  was  no  longer  1,800,000, 
but  anything  between  2,500,000  and  3,000,000  g^ons  per  day. 

The  late  Sir  Robert  £awlinson,  C.B.,  stated  that,  in  his 
opinion,  "  12,000  tons  of  sewage  per  acre  per  annum,  equal  to 
120  inches  m  depth,  might  be  used  on  well-prepared  land  with- 
out swamping  it."  In  1888  the  Author  showed  that  an  attempt 
was  being  made  to  apply  4§  times  that  quantity  to  the  filtration 
areas  at  Chorlton  Ees ;  and  in  recent  years,  had  the  whole  of 
^le  sewage  discharged  been  applied,  it  would  have  been  eqaal 
to  delivering  about  8  times  ttwt  volume  upon  the  land,  having 
r^ard  to  the  periods  of  rest  which  must  be  given  to  all  filters 
— whether  natnral  or  artificial. 

During  1896  it  became  imperative  for  the  district  council  to 
proceed  with  works  for  the  prevention  of  flooding  in  many  parts 
of  the  district,  as  well  as  to  satisfy  the  requirements  of  the 
Mersey  and  Irwell  Joint  Committee  regarding  the  quality  of 
the  effluent. 

About  that  time  the  Author  was  asked  to  accept  the 
chairmanship  of  the  main  drainage  committee.  Forthwith 
Mr.  Mouutfdn  was  instructed  to  formulate  a  comprehensive 
scheme,  and  in  September  1697  bis  first  scheme  was  submitted. 
Although  only  seven  years  i^o,  very  little  was  then  known  of 
the  practical  application  of  bacterial  treatment  to  the  purifica- 
tion of  water-carried  sewage.  That  method  of  treatment  had 
not  advanced  beyond  the  experimental  stages.  In  his  first  report 
Mr.  Mountain  advised  chemical-precipitation  and  subsequent 
filtration  through  land,  which  was  the  method  then  favoured  by 
the  Local  Government  Board  wherever  sufficient  laud  for  filtration 
porposee  could  not  be  obtained.  Those  who  had  been  studying 
the  vexed  question  of  sewage  treatment  were  becoming  consdons  . 
that  we  were  upon  the  verge  of  a  new  era.  The  distinction 
between  mechanical  and  bacterial  filtration  had  been  discerned. 
The  advocates  of  the  biological  treatment  of  sewage  in  arti- 
ficially coostmcted  filters,  now  known  as  "  bacteria-beds,"  were 
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shoving  marvellous  experimental  results.  The  diacavery  timt 
local  authorities,  unable  to  acquire  sufficient  suitable  soil  for 
aew^e  purposes,  could,  without  the  aid  of  patented  precipi- 
tants  01  mediums  for  filtration,  not  metely  dturrfj,  but,  in  fact, 
substantially  purify  vater-carried  sewage,  has,  in  the  past  ten 
years,  completely  revoludonised  our  ideas  regarding  sewage 
treatment. 

Peisooally,  the  Author  could  not,  in  1S97,  approve  of  any 
scheme  of  chemical  treatment,  plus  land  filtration,  because 
there  was  no  financially  practicable  method  of  chemical  treat- 
ment known  which  could  have  been  relied  upon  to  produce  an 
efSuent  free  &om  liaMlity  to  set  up  secondary  deeompoeitma. 
The  proposal  to  improve  the  efSuent  by  subsequent  ^tration 
tiirot^h  the  land  available  was  likewise  not  feasible  in  eonse- 
quence  of  the  highly  polluted  condition  of  the  "  sevage-^dc " 
soiL  The  only  conceivable  way  of  proceeding,  if  suitable  land 
had  been  obtainable  at  a  reasonable  expenditure^  would  have 
been  to  acquire  a  vastly  increased  area.  That  was  believed  also 
to  be  impoBsible.  It  was  under  those  dnmiBBtanoes  that  the 
Author  advised  that  attention  be  paid  to  the  study  of  the  bac- 
terial methods  of  treatment,  and  that  the  whole  question  riiould 
be  refeixed  to  some  independent  eminent  engineer  having  had 
municipal  experience.  The  council  unanimon^y  adopted  the 
recommendation.  Yisita  were  made  to  most  of  the  places  where 
experimental  plants  had  been  laid  down.  Sobsequently  a  email, 
simple,  inexpensive,  double-contact,  experimeutal  bacteria-bed 
was  constructed  by  Mr.  Mountain  at  Chorltou  Ees.  It  worked 
with  moat  satisfactDry  results.  The  scheme  was  sulnnitted  to 
Mr.  James  Manaergh,  Fast-Freeideut  Inst.  C.£.,for  consideratioa 
and  report.  He  and  Mr.  Q.  B.  Stracban,  M.  Inst.  C.E.,  then 
associated  with  Mr.  Mansergh,  gave  the  question  most  careful 
consideration  during  a  period  of  about  twelve  months. 
Ultimately  Mr.  Mansergh  made  important  recommeudations 
concerning  the  sewerage  and  flood-prevention  wcnrks,  and  finally 
he  recommended  the  adoption  of  a  scheme  of  sedim«itation 
tanks  and  bacteria  beds  for  the  treatment  of  the  dry-weather 
flow  of  sewage,  as  well  as  storm-water  filters  to  treat  the  first 
discharge  of  storm-water. 

Mr.  Mountain  in  the  scheme  executed  has  adopted  the 
principles  laid  down  by  Mr.  Mansergh.  He  has  now  completed 
the  sewage  purification  works  in  a  most  substantial  manner. 
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The  efflaent  discharged  fulfils  the  requirements  of  the  Mersey 
ftDd  Irwell  Joint  Committee.  Mr.  Mountain  wUl  personally 
explain  the  works  executed.  The  Members  of  the  Association 
will  be  afforded  an  opportunity  of  viewing  them  and  forming  an 
opiDion  as  to  their  efficiency. 

In  conclusion,  the  Author  b^  to  acknowledge  his  indebted- 
oeea  for  many  of  the  facts  related  in  this  paper,  which  he  fears 
has  now  become  far  too  long,  to  the  following  sources  of 
infoimation.  The  statements  made  &om  time  to  time  by  the 
late  E.  H.  FuUer,  Esq.,  J.P.,  Chairman  of  the  Chorlton  E.SA., 
and  first  Chairman  of  the  Withington  Local  Board ;  the 
several  reports  of  the  late  firms  of  Messrs.  Cawley  and  Newton, 
MM.  Inst  C.E.  (subsequently  Messrs.  Cawley,  ITewton  and 
Smith);  the  reports  of  the  late  Mr.  John  Bailey-Denton, 
M.  Inst.  C.E. ;  as  well  as  to  Mr.  A.  H.  Motmtain,  Assoc  M. 
lost.  &£.,  and  others,  for  their  assistance. 
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WITH  A  DEBCEIPTION  OF  THE  NEW  BEWEBAOE  BYBTEM 

AND  SEWAQG  OCTFALL  WORKS,  CM  THE  DOCBLB- 

COKTACT  BAOTBBIAL  BTBTEM. 

Bt  a.  H,  MOXTNTAIN,  Assoc.  M.IN8T.C.E. 

General  DKBCEirnoH  or  the  Disteict. 

The  area  of  the  Withington  Urban  District  Council's  district  is 
6728  acres,  or  9  Bquare  miles,  &nd  the  population  at  the  present 
time  is  estimated  at  40,000.  It  is  sitnated  adjoining  the 
Bouthera  boundary  of  Uie  City  of  Manchester  and  the  urban 
district  of  Hobs  Side,  and  may  be  conBidered  to  be  the  prin- 
cipal suburban  residential  district  a4joi^°g  the  city.  The 
rateable  value  is  258,888/.  It  was  constituted  a  local  board  in 
1876,  and  became  an  urban  district  conncil  nnder  the  Local 
Government  Act,  1894 

The  district  is  divided  into  six  wards,  which  each  retnm 
three  members,  one  of  whom  retires  annually. 

The  geological  character  of  the  district  is,  as  to  the  southern 
p^,  gravel  and  sand  of  an  average  depth  of  12  feet,  restii^  on 
boulder  clay ;  and  as  to  the  northern  portion,  red  sandstone, 
nnderljing  a  thin  stratum  of  gravel  and  clay. 

There  is  a  surface  gradient  from  the  northern  portion  to  the 
southern  portion  of  the  district  of  about  60  fee^  the  average 
height  above  ordnance  datum  being,  on  the  north  of  the  district, 
160  feet,  and  on  the  south  of  the  district,  100  feet. 

Highways. 

The  lengUi  of  county  main  roads  is  4^  miles ;  the  length  of 
county  secondary  roads,  7  miles  6  furlongs ;  and  of  highways 
(not  including  passages),  22^  miles ;  and  of  passages  and  back 
streets,  6  miles  2  furlongs. 

The  greater  portion  of  the  main  roads  and  secondary  roads 
are  made  up  with  ordinary  macadam ;  and  the  newer  highways, 
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nuidd  up  under  Sectioii  150  of  the  Fablic  Health  Act  since 
1876,  with  East  LaQCashire  sett  paving.  All  back  passages  are 
fli^^ed  and  back  streets  paved  with  setts.  Some  fifty  private 
streets  have  alao  during  the  past  twelve  yeaia  been  paved  with 
tar  macadam.  The  staff  of  workmen  engaged  upon  the  main- 
tenance and  repair  of  highways  consist  of  five  paviois,  four 
stone-masons,  and  ninety  labourers,  with  sixteen  carteia.  The 
Council  has  two  steam  load  rollers — one,  of  12  tons  weight,  by 
Aveling  and  Porter,  of  Bochester ;  and  the  other,  15  tons,  by 
Green,  of  Leeds.    The  Council  has  twelve  water  vans  and  barrels. 

The  peculiar  character  of  the  Council's  diatrict,  consisting  of 
five  cenbes  of  population  separated  by  ^ricultural  land, 
renders  necessary  several  depots,  the  principal  one  of  which  is 
in  the  rear  of  the  town  hall.  There  are  also  depots  at  Chorlton- 
cnm-Hardy,  adjoining  the  railway  station;  at  Didsbury,  near 
that  station,  and  three  others  in  other  parts  of  the  district. 

The  district  being  mostly  of  a  residential  character,  tar 
macadam  has  been  much  in  favour  during  recent  years,  but  the 
Author,  from  his  experience,  has  not  found  it  altogether  satis- 
&otoiy,  and  considera  that  it  shoold  be  used  only  in  streets  of 
light  traffic.  He  has  found  the  difficulty  of  repairing  this  class 
of  road  to  be  very  great,  since  it  can  only  be  carried  out  in 
Boitahle  dry  weather,  and  he  has  also  fonnd  it  to  be  expensive. 
Its  advantages  are,  no  doubt,  great  in  a  residential  district  such 
as  Withington,  where  quietness  may  reasonably  be  considered 
to  outweigh  the  disadvantages  of  its  cost, 

Yarions  specifications  for  tar  macadam  have  been  adopted 
from  time  to  time,  but  the  most  satisfactory  material  consists  of 
Umeetone.    Granite  has  not  sufficient  affinify  ftsr  the  tar  oompo. 

Both  paved  streets  and  tar-macadam  roadways  are  made  up 
on  a  12-iiiich  underbed,  consisting  of  clinkers  and  broken  stone 
steam  roUed  to  a  smooth  hard  surface. 

The  fi^^ng  of  streets  has  been,  up  to  recent  dat^  of  East ' 
Lancashire  or  Haalingden  flags,  commonly  known  as  "Best 
Bams,"  at  least  3  inches  in  thickness,  laid  and  jointed  in 
hydraulic  lime  mortar.  Some  few  streets  have  recently,  how- 
ever, been  flagged  with  artificial  flogs,  some  mode  by  the  Shap 
Granite  Co.,  some  are  Jones's  annealed,  and  others  of  the 
Council's  own  make. 

All  private  streets,  back  streets  and  pass^es  are,  on  com- 
pletion,  declared  public  highways,  except  in  certain  special  cases. 
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The  distinct  not  being  provided  with  a  separate  system  of 
sewerage,  all  streets  and  passage  gullies  are  coonected  to  the 
main  seweis. 

The  following  table  shows  the  value  of  the  works  executed 
under  Section  160  of  the  Fuhlio  Health  Act,  1875 :— 


1600  

a,681 

X891  

W09 

*,488 

i,m 

11,162 

2,620 

18»7 

8,328 

1898 

8,144 

1899 

1900  

6.41B 

1901  

8.250 

1802  

10,206 

1908 

17.900 

7,843 

The  Author  is  glad  to  say  that  the  whole  of  the  amounts 
apportioned  on  the  frontagers  have  been  recovered,  with  one  or 
two  exceptions  where  the  owners  have  left  without  trace,  or 
other  circumstances  have  occurred,  and  this  without  litigatdoo. 

The  following  table  shows  the  average  prines  paid  for  the 
classes  of  street  works  mentioned  for  the  past  fourteen  years : — 

1890.  I.    t. 

6  iDob  fett  paling,  liuslndiuf  underbed  SO  par  sqiiftM  ;ud 

B.B.  flagging 5    0  „ 

Kerbing 3    SperUnealyMd 

1860. 

Oinob  Mtt  paving 4    8  pet  ajnue  jaid 

4  inob  diy  and  4  looh  tskr  in«mnt»m  ..48  „ 

2ad  a  flagRing       0    8  „ 

6  iaoh  wtt  ohuuiel        5    0  „ 

Keridng 8    9  per  UdmI  7ard 

1900. 

6  Inoh  mU  paving  (in  pitoh)        6    3  persquHSjud 

4  Inch  dijaiid6iiMb  tar  maoadam  ..4    6  „ 


4    6  pwli&Mlyud 
6    0  pw  iqiiaM  jud 


B.B.flagging 6  6  „ 

U  inob  MDcnte  flagging      4  3  „ 

6  inoh  diMMd  sett  oEmusI  (in  pitob>       ..7  6  » 

KorUng 4  OperlinMiyaid 
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Average  price  per  lineal  foot  of  making  np  &  12  yards  vide 
street: — 

t.  *. 

1890   13  0 

1895   13  6 

1900   18  0 

1904   16  0 


Qenerally  speakii^,  the  severs  of  the  distxict  consist  of  stone- 
ware and  eurthenware  socketed  pipes  laid  in  straight  lines  from 
manhole  to  manhole,  with  joints  made  with  tarred  gasket  and 
Portland  cement,  the  main  trunk  and  outfall  sewei^  only  being 
of  brick.  All  sewers  up  to  9  inches  diameter  are  water-tested 
when  completed ;  msjiholes  are  provided  at  intervals  not  ex- 
ceeding 100  yards,  with  chambers  4  feet  6  inches  long,  2  feet 
3  inches  wide  and  5  feet  high.  Special  iron  shaft  ventilators 
have  been  provided  in  certain  special  cases,  but  generally  the 
ventilation  is  by  perforated  covers  at  the  street  surfaces. 

Owing  to  the  comparatively  level  character  of  the  district, 
there  are  many  flat  sewers  having  gradients  from  1  in  200  to 
1  in  1000.  In  order  to  provide  for  the  thorough  flushing  of 
these  a  portable  flushing  tank,  having  &  capacity  of  1700  gallons, 
is  found  most  useful.  The  flushing  tank  has  a  galvanised  steel 
telescopic  tube,  which  is  lowered  into  the  manhole  when  flush- 
ing is  about  to  take  place.  This  tube  has  a  quarter  bend  at  its 
lower  extremity,  which  is  directed  as  required,  thus  delivering 
the  water  with  full  e£fect  in  the  direction  of  the  sewage  flow. 


Drainaqb  07  New  Houses. 

All  drains  of  new  properties  are  inspected  and  tested  with 
water  up  to  the  vrater-doset  pan  on  the  flrst  floor,  and  an  in- 
spector devotes  his  whole  time  to  this  work.  It  is  also  the  duty 
of  this  inspector  to  prepare  a  tracing  &om  the  approved  buUding 
plan  of  each  property,  showing  the  exact  position  and  depth  of 
the  drain  as  laid,  so  that  reference  can  at  any  future  time  be  a^ 
once  made  to  the  exact  position  thereof. 

The  water  used  in  testing  is  taken  from  the  town's  mains. 
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By-Law  PLANa 

All  plans  for  new  prop«irties  are  depoaited  with  the  Author, 
in  duplicate,  and  reported  upon  in  writing  by  him  to  a  sub- 
committee,  which  meets  monthly  and  goes  through  them  in 
detail,  approving  or  making  recommendations  thereon  to  the 
Council. 

The  building  inspector  sees  that  all  footings  of  walls  are 
prop^Iy  constructed,  duup  couiaes  in  position,  walls  and  timbers 
of  oorreot  thickness  and  dimensions,  and  that  the  by-laws  gene- 
rally are  observed. 

The  houses  are  certified  by  the  Author  upon  receipt  of  the 
inspector's  report  in  writing  that  the  same  are  completed  and 
fit  for  habitation.  The  following  Table  shows  the  number  of 
dwelling  houses  certified  during  the  last  fourteen  years : — 

1881       18S 

1898        140 

1898       181 

189*        lU 

1895       245 

1896        284 

1897       41S 

1898       404 

1899       423 

1900        440 

1901        880 

1602    ■ 827 

1903        826 

1904(todato)        278 

Total     ..      ..     4061 


Lighting  of  the  District. 

The  street  lighting  of  the  district  is,  generally  speaking,  by 
ordinary  street  lamps  bnming  4  cubic  feet  per  hour,  there  being 
1470  lamps  in  all,  and  sixteen  lamp-lighters  are  employed.  The 
principal  streets  and  important  junctions  of  roads  are  lighted  by 
incandeecent  lamps ;  the  gas  used  is  supplied  by  the  Muichester 
Corporation ;  this  department  is  nnder  the  control  of  the  sapM^ 
intendent  of  lamps,  ashpits,  etc. 


Dig-izedbyGOOgk- 


THE  innnciPAL  wobkb  op  wirHntOToir. 


SXUOTAI.  OF  DOMBBTIC   I^FTTBE. 

Theie  are  in  the  district  8316  aahpita  and  portable  dnstbias. 
The  latter  have  come  much  into  nse  during  the  laat  few  years, 
and  are  of  course  gteatly  preferable  to  the  filthy  fixed  ashpits. 
Much  attention  has  been  given  by  the  health  committee  and 
the  medical  ofiGeer  of  health,  Dr.  Bailton,  to  the  removal 
of  the  old  combined  privies  and  ashpits,  and  the  substitution 
therefor  of  vater  closets  and  p(»table  Inns.  The  number  of 
labooiera  employed  on  this  woi^  is  twem^-six,  with  fifteen 
carters. 

Hie  whole  of  the  refose  (^  the  diatiict  is  lemoved  to  the 
destructor  at  Nell  lAne  and  to  the  sewage  works  for  use  in 
steam  raising  at  both  places.  Prior  to  1896,  when  the  destruc- 
tor at  Nell  Lane  commenced  work,  the  ashpit  refuse  was  used 
for  filling  up  holes  and  levelling  ap  ground  in  various  parts  of 
the  district.  The  medical  offioer  of  health  having  for  many 
yean  strongly  condemned  this  system,  and  difficulties  in  obtain- 
ing tips  &ee  &om  objection  becoming  insurmountable,  the  Anthor 
was  instructed  to  prepare  plane  for  the  present  destructor,  and 
it  was  duly  erected  and  completed  in  1896,  since  which  time 
tipping  has  been  discontinued. 


DSSTBUCTOB  AND   CONCRETE   FlAO-MAKINO  FlANT. 

As  before  mentioned,  the  refuse  destructor  in  Kell  Lane  was 
erected  in  1896  to  the  Anther's  designs,  and  stands  upon  a  site 
containing  2  acres  of  land  adjoining  the  Manchester  Southern 
Cemetery,  about  400  yards  from  Barlow  Moor  Boad  and  near 
the  Manchester  Crematorium.  The  total  cost  of  the  destructor 
was  7105/.,  including  land  (867?,),  sewmng,  and  road-making. 

The  destructor  consists  of  6  cells  in  one  range,  each  cell 
having  a  grate  area  of  50  superficial  feet,  the  main  flue  being  7  feet 
6  inches  wide,  and  passing  under  the  rear  of  each  ceU.  The 
feeding  floor  is  4  feet  below  the  tipping  beam. 

As  originally  designed,  a  multitubular  boiler  11  feet  by  7  feet 
was  provided  to  drive  a  mortar  mill  e-Jid  dynamo  for  lighting  the 
worl^. 

The  oeUs  are  woii:ed  by  natu^  draught,  the  top  of  chimney 
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heing  150  feet  above  groimd  level,  and  having  an  interior  fire- 
brick lining  4  feet  6  inches  diameter  to  a  height  of  SO  feet. 
The  celU  are  provided  with  rocking  bars,  which  are  worked  by 
means  of  horizontal  levers ;  the  amount  of  refuse  consumed  in 
each  cell  per  day  of  24  hours  is  5  tons.  Three  stokers  are  em- 
ployed on  the  day  ahifb  and  two  at  night. 

The  destructor  yard  is  sunk  about  10  feet  below  the  ordinary 
groond  level,  the  incline  to  the  tipping  shed  being  1  in  38  and 
bom  the  destructor  yard  1  in  30. 

In  November  1897,  owing  to  the  high  price  of  Bags,  and  in 
oidw  to  make  use  of  the  clinkers  fo>m  the  destructor,  the 
Author  recommended  the  Council  to  lay  down  a  hydraulic  plant 
for  the  purpose  of  making  concrete  fl^s.  The  scheme  was 
adopted  and  the  plant  duly  installed.  The  mana&cture  of  flags 
commenced  in  September  1898,  since  which  time  it  has  been 
continuously  proceeded  with.  The  hydraulic  presses  and  plant 
were  supplied  and  erected  by  Messrs.  Fielding  and  Flatt,  of 
Gloucester,  and  have  been  very  satis&ctoiy  in  their  working. 
The  various  main  roads  and  highways,  and  also  private  streets, 
have  been  paved  with  these  concrete  fl^,  which  are  very  satis- 
factory in  colour  and  durability  up  to  the  present  time.  The 
cost  of  making  them  amounts  to  1«.  1 1  '84d.  per  superficial  yard  in 
the  proportions  below : — 


Wi^M 


Oraofte  ohlppings 
Bepain,  oil,  packing,  «tc    , 
Paper,  linen,  tin,  etc   .. 
SHid       


617 


The  proportions  of  matfflials  used  in  the  Sags  (by  measure) 
are  as  follows : — 

For  the  face  of  the  flag  (}  inch  in  thickness)  1  part  granite 
chippings,  1  part  of  aand,  1  part  of  best  quality  Portland 
cement. 

The  body  of  the  flag  consists  of  3  parts  of  ground  clinkers 
(crushed  in  the  mortar  mill),  2  parts  of  clean  sharp  sand,  and 
1  part  of  Portland  cement. 

The  flags  are  all  made  2^  inches  thick,  and  are  allowed  to 
mature  for  &t  least  six  months  before  being  used    The  total 
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cost  of  the  plant  and  buildings  connected  therewith  amounted 
to  22501. 

Six  men  ore  employed  at  flag-making  and  ibmoving  and 
stacking. 

Tramways. 

The  eojating  tramwajra  are  laid  &om  the  Manchester  boond- 
axy  is  a  sootiierlj  direction,  along  Wilmslow  Road  and  Palatine 
Bead  to  the  Terminus  on  the  Midland  Railway  Bridge  near  the 
Town  Hall  at  West  Didsbury,  and  are  a  continuation  of  the 
Oxford  Road  lines  within  the  City  of  Manchester.  They  are 
double  lines,  the  route  length  being  1  mile  and  122  yards. 
These  were  laid  in  lieu  of  the  previously  existing  siogle  line 
horse  tramways,  which  had  been  in  existence  since  1881. 

The  new  tramways  are  worked  by  electricity  by  the  Man- 
chester Corporation,  the  Council  having  entered  into  an  agree- 
ment with  the  Corporation  to  lease  them  for  a  period  of 
21  years  commencing  the  Ist  December,  1902,  at  a  rental  of 
600^.  per  mile  of  single  tramway. 

In  order  to  provide  for  the  double  line  of  electric  tramways 
it  was  found  necessary  to  widen  Palatine  Road  from  42  feet  to 
54  feet  in  width  ftnr  a  length  of  1100  yards,  and  reconstruct  the 
roadway  and  paths  throughout.  This  involved  the  purchase  of 
pcstions  of  tiie  gardens  of  various  properties  along  the  road  on 
the  west  aide,  l^e  setting  back  and  rebuilding  of  the  whole  of 
the  boundary  walls,  and  the  replanting  of  gfudens  and  shrub- 
beries, the  total  cost  amounting  to  about  17,000/. 

The  permanent  way  consists  of  girder  rails  weighing  102  lb. 
per  lineal  yard,  laid  on  Portland  cement  concrete,  tUs  being 
18  inches  wide  and  9  inches  deep  under  each  rail. 

The  paving  is  of  Welsh  granite  setts  6  inches  deep,  the  joints 
being  racked  with  gravel  and  grouted  with  piteb  composition. 

The  work  was  carried  out  by  the  Manchester  Corporation 
Tramways  Department  acting  as  contractors  for  the  Withing- 
ton  Council. 

The  cost  per  mile  of  single  line  was  5620/. 

In  addition  to  the  tramways  already  constructed,  the  Council 
has  obtained  powers  under  the  Withington  District  Tramways 
Provisional  Order,  1887,  for  the  construction  of  further  tramways 
in  various  parts  of  the  district.    These  powers  have  again  been 
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supplemented  by  further  powetB  obtained  tmdet  the  WitbingtoD 
Uilmn  Difltrict  CoTincil  Act  of  1900,  and  careful  considendioD 
has  been  given  to  the  question  of  the  extension  of  the  present 
tiam'ways,  so  as  to  provide  the  necessary  facilities  for  the  travel- 
ling public  without  interfering  with  the  residential  character  of 
the  district  The  total  length  of  tramways  for  which  powers 
have  been  obtained  is  15  miles  5  furlongs,  in  addition  to  those 
laid. 

Elkctbic  Supply. 

The  Council  have  obtained  a  provisional  order,  confirmed 
by  Parliament,  for  the  snpply  of  electricity  for  pnblic  and 
private  purposes  within  the  district,  and  have  transferred  the 
same  to  the  Manchester  Corporation  for  a  period  of  13  years, 
the  CorpOTation  undertaking  to  supply  electricity  to  ordinary 
consumers  on  the  same  terms  as  it  is  supplied  to  ordinary  con- 
sumers in  the  city. 


Gab  ahd  Watbb. 

The  gas  supply  for  the  greater  portion  of  the  district  is 
obtained  from  the  Manchester  Corporation  at  a  charge  of  2t.  9d. 
per  1000  cubic  feet ;  no  meter  rent  is  charged. 

The  portion  of  Chorlton-cum-Hardy,  west  of  Barlow  Moor 
fioad  from  a  point  where  that  road  joins  Manchester  Boad  to  the 
junction  of  Beech  and  Barlow  Moor  Boads,  is  supplied  by  the 
Sb^tfoid  Qas  Company  at  a  charge  of  2».  4d.  per  1000  cubic 
feet,  and  6d.  per  quarter  metw  rent. 

The  water  supply  is  obtained  &om  the  Manchester  Corpora- 
tion, and  thd  charges  are  as  follows : 

Domestic  Dwellings : — Is.  in  the  £  per  annum  on  the  annual 
rack  rent  or  valae.  No  cottage  is  charged  less  than  6a.  per 
annum.  Weekly  property  is  charged  to  the  owner,  who  is 
allowed  a  "  composition  "  of  20  per  cent,  if  paid  on  or  before  the 
31st  of  August 

In  cases  where  groups  of  houses  are  supplied  by  one  service 
pipe  from  the  main,  the  water  rental  is  ohaiged  to  the  owner  of 
the  property  whether  weekly  or  quarterly. 

The  chajges  for  trading  purposes  aie  the  same  as  in  the  city 
but  are  payable  annually. 


DigizedbyGOOgle 


TBI  MDVIGIPAL  WOBKB  OF  WITHI»OTOK. 


Five  plota  of  grouad  have  been  acquired  on  lease  by  the 
Council  in  various  parte  of  their  district  for  allotment  holders, 
amounting  in  the  aggregate  to  16  acres.  These  plots  of  ground 
are  divided  into  allotments  having  an  area  of  200  superficial 
yards  each,  for  which  an  snnnal  rental  of  6*.  is  charged.  Each 
allotment  ground  is  managed  by  a  body  of  managers  including 
members  of  the  Urban  District  Counctl,  varying  from  3  to  5  in 
nomber,  with  a  secietaiy  who  receives  a  sm^  salaiy. 


Fas  Sebtices. 

The  Council  has  from  time  to  time  considered  the  establish- 
ment of  a  Fire  Brigade,  having  heretofore  relied  npon  the 
Manchester  Corporation  Fire  Brigade,  the  Corporation  being 
paid  a  consideiable  annual  sum  as  a  subsidy  for  their  services. 
This  has  been  increased  from  400/.  in  1903  to  990/.  per  annum 
at  the  present  time.  Ab  tiie  existence  of  the  district  as  a 
separate  authority  is  about  to  be  terminated  by  amalgamation 
with  Manchester,  a  separate  brigade  will  not  of  course  now  be 
neceeeuy. 

Beobution  Gbouhds. 

In  1895  and  1896,  the  Council  acquired  from  Earl  E^^erton 
of  Tatton  and  Broome's  Trustees,  six  plots  of  gronnd  having  a 
total  area  of  17^  acres,  which  were  kid  out  as  playgrounds  for 
children,  fenced  and  provided  with  shelters,  swings,  etc.,  at  a 
total  cost  of  4113/.  exclusive  of  the  cost  of  the  land.  These 
grounds  are  plain  in  character,  but  answer  the  purpose  exceed- 
ingly well,  and  are  much  appreciated. 

In  addition  to  the  above  recreation  grounds  a  plot  of  ground, 
S  acres,  in  Palatine  Koad,  Didsbury,  was  generously  given  and 
laid  out  as  public  pleasure  grounds  by  Mrs.  Josephine  Helena 
Sil^enstadt,  of  West  Didsbury,  as  a  memorial  of  her  deceased 
daughter,  after  whom  it  is  named  "  The  Marie  Louise  Gardens." 
These  gardens  were  very  tastefully  laid  out  and  provided  with 
shelters,  and  a  caretaker's  house  with  conveniences,  to  the  de- 
signs of  Mr.  Joshua  Cartwrigbt,  F.G.S.,  M.ln8t.C.£.,  of  Buiy,  the 
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whole  of  the  work  being  carried  out  at  the  expense  of  the  donor 
and  formally  handed  over  to  the  Council  by  her  in  June  1903. 

The  Bite  is  a  very  fine  one,  and  the  gardens  are  much 
esteemed  by  the  reoideuts  in  the  vicinity. 

At  each  of  the  above  recreation  grounda  one  man  acts  as 
caretaker,  excepting  at  the  Marie  Louise  Gardens,  where  two 
men  are  employed. 

Baodlgt  Sanatorium. 

In  1898,  it  became  necessary  for  the  Council  to  make  some 
provision  for  a  hospital  for  infectious  diseases,  owing  to  l^eir 
having  received  notice  from  the  Manchester  Corporation  that 
infectious  cases  from  this  district  coold  no  longer  be  treated  at 
the  Monsall  hospital  of  the  Corporation,  and  the  Council  there- 
fore purchased  an  estate  of  38i^  acres  at  Baguley  in  Cheshire, 
about  4J  miles  from  the  town  hall,  Withington,  at  a  cost  of 
5600/.  Plans  for  the  buildings  were  prepared  by  Mr.  J.  B. 
Broadbent,  F.R.I.B.A.,  of  Manchester,  for  a  hospital  of  100  beds, 
and  these  were  duly  erected  and  furnished  complete  at  a  cost  of 
about  54,000^. 

ThO  hospital,  which  has  been  styled  the  "  Baguley  Sana- 
.torium,"  was  publicly  opened  on  October  4,  1902,  by  the 
Bight  Honourable  the  Earl  of  Derby,  K.G.,  the  Lord  Lieutenant 
of  the  County  of  Lancaster.  Twelve  acres  of  the  land  are  en- 
closed for  hospital  purposes.  There  are  five  separate  blocks  of 
buildings,  providing  accommodation  for  fifty-six  scarlet  fever 
patients,  thirty-six  diphtheria  and  enteric  fever  patients,  with 
eight  isolation  beds.  There  is  also  an  administration  block,  in 
which  the  resident  medical  staff,  matron  superintendent,  with 
twenty-five  nurses,  and  the  necessary  staff  of  domestic  servants 
are  located.  There  is  also  a  kitchra  block,  containing  store- 
rooms and  a  dispensary. 

The  water  supply  is  from  the  mains  of  the  North  Cheshire 
Company.  The  lighting  of  the  buildup  throughout  is  by  elec- 
trici^,  generated  on  the  premises.  The  average  daily  number 
of  patients  is  about  forty-five. 

The  Council  has  entered  into  ammgements  with  several 
adjoining  authorities  for  the  treatment  of  patients,  from  their 
respective  districts,  at  this  hospital. 

Soon  after  the  opening  of  the  hospital  difficulties  were  ex- 
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peiienced  in  the  treatment  of  the  sewage  from  the  sanatorium, 
and  the  Author  was  instructed  to  prepare  plane  for  sewage 
work*  on  the  septic  tank  and  double  contact  bacterial  system, 
followed  hj  filtration  through  land. 

These  works  have  bew  carried  out  at  a  cost  of  about  800^., 
and  are  now  successfully  in  operation. 

Smallpox  Hospital,  New  all  Gbeen. 

After  a  lengthy  search  and  negotiations  for  a  suitable  site 
for  the  eetablishment  of  a  smallpox  hospital,  the  Withington 
Uriian  Biatrict  Council  on  May  5,  1902,  purchased  land  at 
Higher  Baguley,  called  "Newall  Gre»i,"  containing  an  area 
of  25  aaea  2  roods  and  34  perches,  the  purchase  money  being 
1550/.  After  considerable  negotiations  between  the  Urban 
District  Councils  of  Moss  Side,  Withington  and  Levenshulme, 
and  the  Bucklow  Joint  Hospital  Board,  with  a  view  of  forming 
a  joint  committee  for  the  purpose  of  maintaining  a  smallpox 
hospital,  the  Levenshulme  District  Council  and  the  Bucklow 
Joint  Hospital  Board  withdrew  from  the  negotiations,  and 
a  committee  was  constituted  under  an  agreement  dated 
Kovember  17, 1902,  consisting  of  the  two  authorities  of  With- 
ington and  Moss  Side.  The  chairmui  for  the  time  being  of  the 
Baguley  Sanatorinm  of  the  Withington  Council  is  the  chairman 
of  the  joint  committee,  and  the  clerk  of  the  Withington  Coimcil 
for  tJie  time  being  is  the  clerk  of  the  joint  committee,  and  Dr. 
Bailton,  the  medical  ofBcer  of  the  Withington  Council,  is  the 
medical  officer  of  the  joint  committee. 

On  May  7,  1902,  the  land  was  let  to  a  farmer  on  a 
yearly  tenancy  at  a  rental  of  1/.  6s.  per  statute  acre,  subject  to 
certain  conditions,  particularly  a  reservation  that  if  the  Council 
required  the  land,  the  tenant  should  forthwith  give  up  the  same 
on  re€i8onable  compensation  being  paid. 

In  December  1902,  the  Committee  entered  into  a  contract 
with  Messrs.  Humphi-eys,  of  Enightsbridge,  London,  for  the 
erection  of  a  galvanized  iron  hospit^  for  twelve  beds  with  ad- 
ministration block,  and  subsequently  It  was  found  necessary  to 
provide  a  wash-house  and  mortuary  block. 

The  hospital  was  just  completed  in  time  to  receive  the  first 
case  of  smallpox,  which  came  &om  Moss  Side  on  February  16, 
1903 ;    altogether  there  were   seven  cases   from  Moss  Side. 
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The  last  of  the  Mosb  Side  patients  was  discha^ed  od  June  13, 
1903,  and  it  was  followed  by  the  first  case  from  Withington, 
whioh  vas  taken  to  the  hospital  on  the  same  day.  There 
were  altogether  fourteen  cases  Arom  the  Withington  district,  and 
the  last  was  discharged  on  September  28,  1903.  Altogether 
the  hospital  was  open  fixjm  Fehruaiy  16  to  September  28, 
1903. 

The  Withington  Coaneil  let  part  of  the  land,  namely 
Lot  2,  containing  7  acres  2  roods  and  2  perches,  to  the  Buck- 
low  Joint  Hospital  Boaid  for  hospital  purposes,  on  a  lease  for 
ten  years  at  a  rental  of  501.  per  annum.  The  lease  is  dated 
January  14, 1903. 

Total  Eubkvituiu  Ihodbbid. 


- 

M^^SuJ 
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t       f.    d. 
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payable  br  BnoUow  Hoipital 
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13    0    0 

t     t.    A. 
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BlaintoiianM  of  patieiiU,  fidl  ooirt  payaUe  by 

eMh 

Ctartofdodnf,  half  payable  by  each        ..      .. 

1,784    9    0 

8WI8    7 
13    0    0 

£1,776    0  11 

£2.118    8    4 

Main  Seweraqe  aud  Outfall  Wokks. 

In  the  summer  of  1895,  the  attention  of  the  Council  was 
directed  to  the  surchai^ing  of  the  main  ont&ll  sewers,  and  the 
consequent  flooding  of  cellars  in  various  parts  of  the  district, 
and  the  Author  was  instructed  to  consider  the  matter,  and  at 
the  same  time  to  give  attention  to,  and  report  upon,  the  condi- 
tion of  matters  at  the  sewage  farm,  where  difficulty  was  being 
experienced  in  dealing  satiB&ctoiily  witii  the  increasing  volume 
of  sewage. 
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In  January  1896,  die  Aathor  presented  a  report,  pointing 
ont  therein  the  total  inadequacy  of  the  outfall  sewers  for  com- 
bined sewt^  and  Btorm  water,  and  at  the  meeting'of  the  Council 
held  in  August  1896,  be  was  iostnicted  to  prepare  plana,  sections, 
and  estimates  for  new  outfall  sewera  and  outfall  works. 

These  plaua  and  estimates  were  laid  before  the  Council  in 
August  1897,  and  r  statement  thereon  was  made  by  the  chair- 
man, Mr.  Councillor  Swaibiick,  M-Inst-CE.,  at  the  main  drain- 
age meeting,  held  in  the  September  following. 

The  plans  and  estimates  provided  for  two  detritus  tanks, 
with  a  aeries  of  five  precipitating  tanks  of  equal  capacity,  each 
to  contain  300,000  gallons  or  a  total  quantity  of  1,500,000 
gallons,  or  about  0-66  of  the  daily  volume  of  2,250,000  gallons, 
dry  weather  flow.  The  scheme  also  provided  for  new  outfall 
sewers  from  near  the  Town  Hall  to  the  sewage  works  and  from 
Whalley  Bange.    The  total  estimated  coat  was  51,137^. 

The  Council,  after  considering  the  scheme,  decided,  on  the 
recommendation  of  Mr.  Councillor  Swarbrick,  that  it  should  be 
submitted  to  Mr.  James  Mansergb,  Fast  President  of  the  Insti- 
tute of  Civil  Engineers,  for  his  thorough  investigation  and 
advice. 

The  scheme  w&s  therefore  submitted  to  Mr.  Mansergh,  and 
several  conferences  between  him,  the  chairman  of  the  com- 
mittee, and  the  Author  took  place. 

Mr.  M&nsei^h  submitted  his  report  on  October  21,  1898, 
and  his  pincipal  suggestions  were — 

1st.  That  the  scheme  for  treatment  by  precipitation  should 
be  abandoned,  and  a  scheme  for  double  contact  bac- 
terial system  substituted  therefor. 
2nd.  That  the  proposed  new  outfall  sewer  (S  feet  in  dia- 
meter) be  increased  to  6  feet  9  inches  diameter,  and 
the  gradient  slightly  amended, 
3rd.  That  certain  sewera,  reported  by  the  Author  as  being 
leaky,  should  be  replaced  by  new  and  watertight  ones. 

The  result  of  these  su^estiona  was,  of  course,  to  greatly 
increase  the  Author's  estimates  of  51,137/.,  and,  in  fact,  Mr. 
Mansergh's  rough  estimates  amounted  to  91,000/.  for  a  popula- 
tion of  50,000,  and  to  108,250/.  if  80,000  population  were 
provided  for. 

In  February  1899,  the  Author  submitted  a  further  report  on 
the  whole  matter,  comparing  and  revising  the  estimate^  and 
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proposing  a  modificatioo  of  the  proposed  line  of  new  outfall 
sewer  Stam  Withingbin. 

In  Jone  1899,  a  Bpecial  meeting  of  the  Main  Drainage  Com- 
mittee adopted  the  scheme  of  the  Author  (sabject  to  the 
modifications  suggested  hj  Mr,  Mansergh),  and  he  was  in- 
structed to  prepare  amended  plans  and  estimates. 

In  September  1899,  eammonaes  were  serred  on  the  Council, 
on  the  information  of  the  Mersey  and  Irwell  Joint  Committee, 
for  offences  contrary  to  the  provisions  of  Section  3,  Part  2,  of 
the  Mersey  and  Irwell  Joint  Committee  Act,  1892. 

In  the  same  month,  the  Author  submitted  his  revised  plans 
and  estimates  of  cost  of  the  new  sewers  and  sewage  works, 
amounting  to  86,465^.,  and  they  were  approved,  and  application 
for  the  necessary  loans  ordei-ed. 

The  Local  Oovemment  Board  inquiry  into  the  proposed 
loans  was  held  on  November  15,  1899,  by  H,  H.  Law,  Esq., 
M.Inat.C.E.,  and  later,  interviews  took  place  between  the  Local 
Government  Board  and  the  chairman  of  the  Main  Drainf^ 
Committee  and  the  Author,  and  in  consequence  of  the  require- 
ments of  the  Local  Government  Board,  the  estimates  were 
again  revised  and  increased  to  133,615/.  in  June  1900. 

Sanction  to  the  loan  was  given  on  July  14,  1900,  and  con- 
tracts were  let  to  James  Byrom,  of  Bury,  for  Sections  1  and  2 
(ontfall  works),  and  to  Messrs.  J.  D.  Nowell  and  Sons  for 
Contzacts  3  and  4  (main  oat&U  sewers). 

These  contracts  are  all  now  completed,  and  the  works  are 
in  operation. 

The  preceding  paper  by  Councillor  Joseph  Swarbrick, 
M.Inat.C.£.,  and  the  short  history  above  given,  will  have 
shown  the  difficulties,  physical  and  otherwise,  which  have 
existed  for  many  years,  in  fact,  since  the  constitution  of  the 
authority,  in  the  conveyance  and  disposal  of  the  sewage  of  the 
district,  includii^  that  of  Levenshnlme,  which  was  by  an  agree- 
ment in  1878  added  thereto. 

As  described  at  the  commencement  of  this  paper,  the  dis- 
trict is  somewhat  flat  in  character,  there  being  an  averse 
gradient  in  the  direction  of  north  to  south  of  50  feet.  The 
Author  found  it  necessary,  in  order  to  carry  out  the  scheme  of 
double-contact  bacterial  beds,  to  raise  the  sewage  to  78  *  00  O.D. 
at  the  outfall  works,  and  in  order  to  avoid  pumping  the  whole, 
arranged  the  new  outfall  main  sewers  to  gravitate  the  sewage 
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of  the  upper  zone  of  the  district  and  the  whole  of  the  Levena- 
holme  sewage,  leavii^  that  from  Didsbuiy  and  Chorlton-cmn- 
Eardy  only  to  be  pumped. 

The  sewage  farm  at  Chorlton-cum-Hardy  is  at  the  extreme 
western  comer  of  the  district,  and  is  bounded  by  the  river 
Mersey  on  two  sides,  soutii  and  west,  the  Chorlton  Brook  on 
the  north,  and  an  embankment  on  the  east. 

The  average  level  of  the  surface  of  the  farm,  as  completed 
in  1884,  was  71  ■  75  above  O.D. ;  this  was  prsctioally  level 
throughout,  the  variation  being  within  1  foot  either  way  from 
the  above  altitude. 

Moreover,  the  river  Mersey  rises  at  fiood  times  to  about 
81*00  above  O.D.,  or  to  a  height  of  9 '25  above  the  surface  of 
the  land. 

The  difficulties  attending  the  construction  of  a  sewage  out- 
fiill  works  under  these  circumstances  may  be  imagined. 

The  alternative  was,  of  course,  to  pump  the  whole  of  the 
sewage,  and  a  laige  portion  of  the  storm-water,  upon  a  suitable 
site ;  but  owing  to  the  proximity  of  centres  of  population,  and 
the  fact  that  all  available  sites  along  Uie  river  have  been 
^eady  appropriated  for  the  purposes  of  sewage  treatment  by 
other  authorities,  the  Author  considered  it  impossible  to  suggest 
any  other  site  than  that  already  used  by  the  Council  as  a  sewage 
farm. 


Maim  Sewkbs. 

Hie  Torka  recently  completed  consist  of  a  main  outfall 
sewer,  commencing  at  point  D  on  the  accompanying  map,  5  feet 
in  diameter,  in  two  rings  of  brickwork,  constructed  with  blue 
brick  invert,  one-third  of  internal  circumference,  the  remainder 
of  inner  ring  being  of  pressed  ei^ineering  bricks,  the  outer  ring 
of  common  wire  cut  brickwork,  all  set  in  Portland  cement 
mortar  (1  part  cement  to  2  parts  of  sand). 

The  sewer  has  a  gradient  of  1  in  1380  to  point  0,  near 
Hoogh  End  Hall,  whence  it  increases  to  6  feet  diameter  (on 
the  junction  of  the  northern  branch  sewer,  which  is  3  feet 
6  inches  diameter  to  point  E),  to  point  N  is  Barlow  Mooi  Boad. 
This  6  feet  diameter  sewer  has  a  gradient  of  1  in  1380,  and  is 
in  three  rings  of  brickwork,  the  invert  being  in  blue  brick, 
and  the  remainder  of  inner  ring  in  pressed  engineering  bricks, 
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with  two  onter  rings  in  common  wire  out  bricks,  all  set  in 
Portland  cement  mortar. 

From  point  N  to  the  sewage  works,  the  aewer  is  6  feet 
9  inches  diameter,  constructed  as  described  in  the  case  of  the 
6-feet  diameter  sewer.  The  gradient  of  the  6-feet  d-inch  sewer 
is  1  in  2192. 

The  latter  portion  of  this  sewer,  being  across  low-lying  land 
adjoining  the  river  Mersey,  is  in  concrete  aqueduct  for  a  length 
of  about  683  yards. 

The  aqueduct  is  lined  with  brickwork  in  cement  in  a  single 
ring,  the  lower  third  being  of  blue  brick,  and  the  remainder  of 
pressed  engineering  bricks,  all  set  in  Portland  cement. 

The  concrete  in  the  aqueduct  consists  of  one  part  Portland 

cement,  two  parts  sand,  and  three  parts  broken  stone  and  brick. 

The  whole  was  put  into  position  from  a  striding  gtmtty 

running  on  raila,  the  mixing  platform  being  on  the  top  thereof 

The  section  of  the  aqueduct  is  shown  ou  Drawing  Na  3, 
Figs.  1  and  2. 

At  point  J  on  the  map  is  the  storm-water  overflow  into  the 
river  Mers^,  for  the  discharge  of  all  above  six  times  the  dry- 
weather  flow.  This  consists  of  a  slU  placed  at  the  side  of  the 
sewer,  22  feet  in  length  and  2  feet  above  the  invert  of  the 
sewer.  In  order  to  prevent  exceptionally  high  floods  in  the 
river  JTom  backing  over  the  sill  into  the  sewer,  a  wooden- 
balanced  flap  is  provided.  The  invert  of  the  outfall  sewer  at 
this  point  is  78-61. 

From  the  storm  overflow  to  the  detritus  tanks  the  sewer 
consists  of  an  open  conduit  of  semicircular  section  in  concrete, 
running  along  the  top  of  the  eastern  embankment  of  the  sewage 
works. 

At  a  distance  of  90  yarda  &om  the  storm  overflow  into  the 
Mersey,  at  point  J,  is  a  second  overflow  for  the  discharge  of  all 
between  three  times  and  six  times  the  dry-weather  flow  into 
Qte  channel  leading  to  the  storm-water  filters,  there  to  be  treated 
as  required  by  the  Iiocal  Qovemment  Board. 

From  this  point  the  sew^e,  up  to  a  volume  of  three  times 
dry-weather  flow,  is  passed  forward  to  the  works  for  full 
treatment. 

The  construction  of  the  above  sewers  excepting  the  aque- 
duct, involved  no  special  features,  beii^  through  an  even  stratum 
of  gravel  on  boulder  clay,  except  as  to  the  length  of  5  feet 
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diameter  sewer  in  Burton  Boad,  -wfaere  the  full  volume  of  the 
sewage  of  the  upper  zone  from  Withington  and  Levenahulme 
had  to  be  contended  with.  In  order  to  cope  with  thia,  a  tem- 
ponuy  pumping  station  was  established  at  the  end  of  Ifell 
Lane.  At  the  crossing  of  the  3  feet  6  inches  diameter  sewer 
under  the  Chorlton  Brook  an  inverted  syphon  became  necessary. 
Thia  is  38  feet  in  length  and  3  feet  6  inches  diameter,  as  shown 
on  Ihvwing  No.  4, 

The  crossings  of  the  same  sewer  under  the  Midland  Railway 
and  the  Great  Central  Railway  also  involved  spedal  work,  the 
aewers  being  encased  in  Portland  cement  concrete  at  least 
12  inches  in  thickness. 

The  velocities  and  discharges  in  the  respective  sewers  when 
running  fiiU  are  as  follows,  by  Ganguillet  and  Kutter's  formula. 


V«lod9  In  (M  p« 


Sfeet 

6feet 
6  faet  9  Inchea 
8  bat  6  inohn 


lialWO 
llnlWO 
1  In  2192 
1  In  1200 


70-89 
llS-3 
1SS2 

29-4S 


The  main  outfall  sewer  5  feet  diameter  at  point  D  on  map 
is,  therefore,  capable  of  discharging,  when  running  half  full, 
35  -44  cubic  feet  per  second  or  797,250  gallons  per  hour. 

The  Author  estimated  the  impervious  area  in  the  district 
drained  by  the  new  gravitating  outfall  sewer  from  Withington, 
etc.,  in  1897,  to  be  84^  acres,  from  which,  taking  a  rainfall  of 
half  an  inch  in  the  hour  (of  which  one  quarter  from  roads 
and  three-quarters  from  roofs  is  delivered  direct  into  the 
sewers),  we  have  a  vohime  of  409,860  gallons  per  hour  which, 
with  the  sew^e  flow,  is  estimated  at  a  total  of  434,160  gallons 
per  hour. 

Allowing,  therefore,  for  future  development  of  the  district, 
an  ample  margin  of  capacity  in  the  sewer  has  been  provided. 

Had  a  suitable  storm  outfall  been  possible  in  the  higher 
reach  of  the  outfall  sewer,  the  diameter  might  have  been  re- 
daced,  but  this  was  impossible,  owing  to  the  physical  character 
of  the  district. 
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Sewage  OoiTAii  Woeks. 
The  Author  estimatea  the  population  draining  to  the  works 
at  the  present  time  at  54,600,  there  being  40,000  Iq  the 
Withington  district,  and  14,500  in  Levenshulme,  and  the  pre- 
sent dry-weather  sewage  flow  at  3,000,000  or  57 '7  gaJlons  per 
head  per  day.  Of  this  volnme,  probably,  50  per  cent,  is  sub- 
soil water  which  passes  into  the  older  defective  sewers  and 
drains. 

About  half  the  above  volnmo  is  delivered  by  the  high-level 
sewer  at  the  outfall  works  at  78*0  above  O.D.,  and  the 
remainder,  from  the  low-level  sewers  which  deliver  at  71*0 
above  O.D.  into  the  pump  sump  at  the  sewage  works,  is  lifted 
into  the  high-level  channel  adjoining  the  engine  house  by  centri- 
fugal pumps. 

The  steam  raising  plant  consists  of  two  Lancashire  boilers, 
each  27  feet  by  7  feet  6  inches  diameter  with  two  3  feet  dia- 
meter flues,  having  a  Meldrum  simplex  destructor  furnace 
11  feet  6  inches  by  6  feet  2  inches  with  two  feeding  doors,  each 
3  feet  by  1  foot  9  inches,  with  combustion  chamber  11  feet 
6  inches  by  2  feet  6  inches  by  7  feet  6  inches  deep. 

Each  unit  is  capable  of  consuming  20  to  26  tons  of  ashpit 
refuse  per  24  hours,  and  of  providing  the  steam  for  the  whole 
of  the  works,  and  they  are  worked  tdtemately,  the  change  over 
being  at  intervals  of  about  a  month,  to  permit  of  the  necessary 
cleaning  of  flues,  etc. 

The  boilers  are  of  Si^aens  Martin  steel  ^inch  thick,  in  six 
rings,  each  of  one  plate.  Hopkinson'a  fittu^  throughout  are 
provided  to  the  boilers. 

The  evaporative  capacity  of  each  boiler  ia  from  260  to  600 
gallons  per  hour,  according  to  the  quality  of  the  refuse. 
The  following  steam  test  may  be  of  interest : — 
Urb&v  DnTBKrr  Coubou.  of  Wmnrerox. 
Tect  of  BefoN  Deatrmtiir  Plant  wA  Beynge  Fomtniig  Btktion. 
D&ta  of  Teat,  Jauoar;  9, 1901. 
Tfpe  oj  FUoL 
Haldnim'i  Patent  Hand-fed  Simples  B«g«neTstlTC  Befnae  Deitraetor. 

Number  of  cell*,  uea  50  M]aat«  feet Two 

Typa  of  b<^ec.  87  feel  I7  7  feet  6  inohM        „      .,     Lanoadiue 

HeiktinK  nirfaoB 880-2  iqoare  feet 

Dantion  of  teat 8  hours 

Tineof  teat FRnn9.4S  R.nL 

to  S.W  PA. 
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Honaehold  ukd  gatden  refiue. 

Total  reftue  destroyed,  inclnding  pata,  tiiu,  etc  ..  23,716  tb. 

Weight  of  tint,  pot*,  el« 784  lb. 

Weight  of  refnn  per  honr,  dedooting  tini, pots, etc.  2866-5  lb. 
Weight  of  refiua  oonniiiied  per  aqnan  foot  of  gnto 

per  hour S7'S2  lb. 

Nomber  of  timei  dinkered  (eaob  gi&te) 7 

Time  taken  to  olinker  each  grata      S'Smln. 

Betidoal  olioker 52611b. 

Pioportion  of  elinkBT  by  weight        22*2  per  «Kit. 

Nonnal  allomnee  few  uhpl^  eotnbiutioii  obamber, 

and  floe  dart S'Speroent. 

Total  inoombnrtibla  reridne      81'OpeiceDt. 

A^ldtpreMiim l-99iiioh 

ITato'. 

Total mtoi eraporatioD  during  test 26,47S-507lb. 

„        „  „  per  himr     S309-43S  lb. 

n        H  ■•  pBr  Htnare  foot  of  beating 

mrtfaie  per  hoDi  ,.  8-76  lb. 

„       „  „         per  lb,  of  refnee,  actnal  ..  I'll    „ 

„        „  „  from  and  at  212°       ..      ..  1-2G    „ 

CbliBiiey  p«U  at  baw 0-6  in. 


CO„avan«». 18-36  per  cent 

O  H      6-1  peroent 

CO        „      ..  0-97  per  cent 

Conbortioa    chamber,    tanperature    maintained 

thnmehoot,  at  leMt 1900°  F. 

Boiler  downtake 1124-09°  F. 

Side  fine  to  regenemtor      7W  F. 

Guaranteed  oapaoity  of  fnmaof^  tone  per  day  of 

24  bonn— 23  tona  exceeded  by 30  per  cent 

Onaranteed  eraporation  of  boiler,  lb.  per  honr — 

37501b.  etoeeded  by       11  peroent. 

Feed-water  tamperatore  from  heater  1S5°,  allowiug 

10°  F.  Ion  between  healm  and  boiler 125°?. 

Hoirtnre  in  rafttie  not  taken. 

Steam  preenire     123-09  lb. 

The  pumping  plant  consistB  of  four  Archer  engines  and 
direct  driven  centrifugal  pumps  supplied  by  Messrs.  Tangye,  of 
Binniiigluun. 

No.  1  engine  ia  vertical  compound,  having  cylinders  7  Inches 
and  12  inches  in  diameter,  with  a  stroke  9  inches,  developing 
68  I.H.P.  at  160  lb.  pressure,  and  driving  a  centrifugal  pump, 
having  19  inches  suction  and  delivery  pipes,  and  capable  of  dis- 
charging 6600  gallons  per  minute  with  18  feet  Htt 

I  2 
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No.  2  engine  is  vertical  compound,  having  cjlindera  6  inches 
and  10  indies  diameter,  with  a  stroke  of  7  inches,  developing 
33  I.H.F.  at  160  lb.  pressure,  and  driving  a  centrifugal  piunp, 
having  15-inch  diameter  suction  and  delivery  pipes,  and  capable 
of  diBcbarging  3200  gallons  per  minute  with  18  feet  lift. 

Nombers  3  and  4  are  each  simple  vertical  engines,  having 
cylinders  Blf  inches  diameter,  with  7-inch  stroke,  developing  16 
I.H.F.  at  160  lb.  pressure,  driving  a  centrifugal  pump,  having 
10  inches  diameter  suction  and  delivery  pipes,  and  capable  of 
discharging  1400  gallons  per  minute  witii  20  feet  lift. 

Eadi  pump  is  provided  with  steam  exhaust  and  charging 
apparatus  to  suction  tube  and  dix  chamber. 

The  above  mentioned  plant  is  necessary  in  cotier  to  cope 
with  the  varying  flow  of  the  sewage,  and  permits  of  the  same 
beii^  dealt  with,  as  it  arrives  at  the  works. 

The  pumping  sump  is  under  the  floor  of  the  engine  faoose, 
and  is  21  feet  by  27  feet  6  inches,  and  the  bottom  thereof  ia  at 
60-0  above  O.D. 

This  sump  receives  the  sewage  from  the  lower  portions  of  the 
district  at  Chorlton-cum-Hardy  and  Didsbury  by  the  old  sewers, 
24  inches  and  27  inches  diameter,  from  the  respective  districts. 

The  sludge-prpssing  plant  consists  of  two  air  compressors 
mounted  as  one  of  the  high  pressure  double  tandem  type  by 
S.  H.  Johnson  and  Co.,  Stratford,  London,  compressing  to  100  lb. 
per  inch ;  and  two  sludge  presses,  each  having  forty-two  plates 
36  inches  by  36  inches,  and  capable  of  pressing  8  tons  of  wet 
sludge  at  each  charge,  producing  30  cwt.  of  pressed  cake. 

The  plant  also  includes  the  necessary  sludge  rams  for 
receiving  and  raising  the  wet  sludge  from  the  sludge  tank 
adjoining  to  the  presses  by  compressed  air,  and  pneumatic  lime 
mixer  48  inches  diameter  by  5  feet  deep. 

The  sew^e  on  arrival  at  the  outfall  works  is  delivered  into 
detritus  tanks,  of  which  there  are  two,  each  having  a  capacity 
of  41,704  gallons.  In  these  tanks  is  deposited  the  heavy  grit 
and  coarser  particles  held  in  suspension  by  the  sewage. 

From  these  detritus  tanks  the  sewage  passes  forward  into 
two  sedimentation  tanks,  where  further  deposition  of  the  finer 
solid  matters  takes  place. 

On  its  way  to  these  tanks  the  sewage  passes  over  blocks  of 
aluminoferric  placed  in  the  channel,  and  the  sedimentation  is 
tlt««by  materially  assisted. 
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The  sedimentation  tanks  have  capacities  of  377,325  gallons 
ftnd  403,660  gallona  respectively. 

From  the  sedimentation  tanks  the  sewa^  passes  to  the  first 
contact  hacterial  bedfi  along  concrete  channels  7  feet  wide. 

The  detritus  and  sedimentation  tanks  are  each  provided 
with  floating  arms  12  inches  diameter,  communicating  with  a 
conduit  leadtng  to  the  pumping  sump,  ao  that  the  top  water 
maj  be  taken  off  whenever  it  becomes  necessary  to  convey  the 
sludge  from  any  one  of  them.  Each  tank  is  also  provided  at 
its  western  and  deepest  part  with  a  valve,  communicating  with 
an  open  channel  leading  to  the  sludge  tank,  which  adjoins  the 
western  end  of  the  buildings,  whence  the  sludge  is  lifted  into 
the  rams  and  presses. 

The  sewage  after  leaving  the  sedimentation  tanks  proceeds 
to  the  chamber  containing  the  automatic  distributing  apparatus, 
which  was  constructed  by  Messrs.  Mather  and  Piatt,  of  Man- 
cheater,  and  is  on  the  system  known  as  "  Ridgewa/a  Patent." 
The  apparatus  consists  of  10  flap  valves,  each  3  feet  wide  by 
2  feet  deep  in  the  opening,  worked  by  cam  "wipers"  on  two 
shafts,  which  are  coupled  by  a  connecting  rod. 

The  shafts  are  worked  by  a  fioat  in  an  adjoining  chamber, 
which  float  chamber  receives,  by  an  atljustable  weir  and  at  the 
rate  of  sewage  flow,  a  quantity  sufficient  to  raise  the  float  to  ita 
maximum  height,  this  corresponding  with  the  completion  of  the 
filling  of  one  first  contact  bacterial  bed.  Immediately  upon  this 
taking  place,  a  supplementary  valve  comes  into  operation  which 
causes  the  float  chamber  to  empty,  the  float  to  fall  to  its  lower 
position,  and  by  a  pawl  and  ratchet  on  the  cam  shaft  to  release 
the  valve  of  the  filled  first  contact  bed,  and  to  open  the  valve  of 
the  next  in  series. 

This  operation  ia  repeated  each  time  a  contact  bed  is  filled. 

The  first  contact  beds  are  ten  in  number,  each  having  an 
area  of  2900  superficial  yuds. 

The  beds  are  constructed  with  walla  of  blue  brick  set  in 
Portland  cement  mortar,  coped  with  blue  copings,  and  have 
floors  of  Portland  cement  concrete  12  inches  thick. 

The  beds  are  filled  with  screened  clinkers  and  cindera  from 
}  inch  to  2  inches  in  gauge  to  a  depth  of  3  feet. 

The  sewage  ia  conveyed  by  open  channels  and  27  inches 
diameter  pipes  from  the  valves  in  diatribnting  chamber  to  the 
centre  of  each  contact  bed,  where  the  sewi^e  overflows  at  a 
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little  above  the  surface  level  of  the  bed,  and  is  fed  over  the  sur- 
face thereof  by  eight  socketed  earthenware  carriers  12  inches 
wide  by  6  inches  deep,  radiating  to  Uie  extremities  of  the  bed. 
This  arrangement  cauaes  a  very  even  distributioQ,  and  is  found 
to  work  very  satisfactorily. 

Each  bed  is  provided  with  half-pipe,  red  eari^euware  bntt- 
jointed  tiles,  9  inches  diameter,  laid  on  the  floors  of  the  bed  and 
covered  with  coarse  clinkers,  in  order  to  permit  the  effluent  to 
be  freely  drawn  off  when  the  bed  is  emptying. 

These  drains  commnnicate  with  a  semicircular  chamber  at 
each  outlet  VEdv& 

The  sewage  is  held  in  contact  about  two  honrs,  and  is  then 
passed  by  Bidgeway  balanced  valves  to  the  second  contact  beds. 

These  balanced  valves  are  of  the  same  sized  opening,  3  feet 
by  2  feet,  as  the  valves  in  distributing  chamber  above  described, 
but  are  worked  by  a  balancii^  drum  which  is  filled,  by  means 
of  a  flexible  pipe  coupling,  direct  &om  tiie  first  contact  beds. 

A  timing  cock  permits  the  dmm  to  fill  at  any  desired  rate. 
As  soon  as  the  drum  is  filled  to  the  necessary  extent  it  falls, 
openiiig  the  valve  and  permitting  the  contents  of  the  contact  bed 
to  discharge,  from  the  first  contact  bed  to  the  correspondingsecond 
contact  bed,  or  from  the  second  contact  bed  into  the  effluent 
channel,  as  the  case  may  be,  the  system  being  alike  in  each  case. 

The  second  contact  beds  are  also  ten  in  uumber,  and  of  the 
same  area,  depth,  and  coDstniction  as  the  first  contact  beds. 

Eight  of  each  are  worked  in  series,  two  of  each  being  in 
reserve  and  resting. 

By  changing  the  "wiper"  on  the  shafts  at  the  distributing 
chamber  any  desired  first  contact  bed,  with  its  corresponding 
second  contact  bed,  may  be  cut  out  or  brought  into  operation, 
and  this  may  be  done  in  any  order  that  may  be  desired. 

The  Author  is  pleased  to  say  that  the  results  bom  the  "treat- 
ment of  the  sewage  since  the  beds  have  been  fully  in  operation 
is  most  satisfactory  to  the  Mersey  and  Irwell  Joint  Committee 
and  to  the  Council,  the  latest  published  results,  on  July  14 
last,  of  analysis  made  by  the  official  analyst  of  the  committee 
placing  the  effluent  first  on  the  list  of  those  in  the  Mersey  and 
Irwell  watershed. 

With  the  river  Mersey  and  Chorlton  Brook  at  ordinary 
level  the  effluent  is  passed  into  the  latter,  adjoining  the  sewage 
works,  but  when  the  river  and  brook  Are  in  flood  it  is  passed  by 
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the  old  effluent  channel,  iW  inches  diameter,  into  the  Oasel 
Brook  at  a  point  near  the  Stretford  Cemetery,  and  about  half  a 
mile  below  the  sewage  works. 

In  addition  to  the  works  above  described,  a  scheme  for  a 
new  out&U  sewer  for  Choriton-cum-Hardy,  with  storm-water 
storage  reservoir,  ia  in  course  of  construction. 

The  district  mentioned  has  a  population  of  about  14,000, 
and  is  increasing  at  a  greater  rate  than  other  parte  of  the 
Council's  area.  The  existing  outfall  sewer,  being  only  18  inches 
diameter,  with  a  fall  of  1  in  800,  is  totally  inadequate,  especially 
when  it  is  borne  in  mind  that  a  separate  system  is  impossible. 

Flooding  of  cellars  has  for  years  been  complained  of,  and 
general  inconvenience  experienced. 

The  Author  was,  thererfbre,  instructed  to  prepare  a  scheme  for 
dealing  with  the  matter,  and  the  necessary  loan  for  same  having 
been  approved  by  the  Local  Government  Board,  the  works  aie 
now  in  hand. 

l^y  consist  of  a  storage  Teservoir  about  9  acres  in  area, 
with  a  pumping  station  adjoining  the  storm  overflow  into  tiiB 
river  Mersey  at  point  J  on  tfie  map. 

The  reservoir  is  rendered  necessary  by  the  rising  of  the  river 
Mersey  in  flood  time  above  the  level  of  the  land  adjoining  the 
sewage  works,  as  previously  described. 

Heretofore,  the  outfall  sewer  from  Choilton  and  Whalley 
Bange  was  furnished  with  a  sterm  overflow  into  the  Chorlton 
Biook  at  a  point  about  500  yards  east  of  tlie  sewage  works,  but 
whenever  the  river  Mersey  and  Chorlton  Brook  were  in  floqd 
this  storm  overflow  became  inoperative,  and  the  outfoll  sewer 
became  blocked  until  the  river  and  brook  fell  to  their  normal 
level. 

A  new  sewer  is,  therefore,  in  coarse  of  construction  from 
the  storm-water  reservoir  at  point  P  on  map  to  point  H,  this 
being  6  feet  6  inches  in  diameter  at  the  reservoir,  diminishing 
to  4  feet  6  inches  from  point  H  to  K. 

In  this  sewer,  and  adjoining  the  south  side  of  the  Chorlton 
Brook,  will  be  a  weir,  diverting  the  (nxlinary  sewage  flow  into 
the  existing  2  feet  diameter  sewer  to  the  sewage  works,  the 
excess  storm-water  passing  forward  to  the  reservtnr,  whence  it 
will  be  passed  by  gravitation  into  the  river  Mersey  when  not  in 
flood,  and  by  pumping  when  the  level  of  the  river  is  above  tiie 
water  level  in  the  reservcdr. 
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The  present  connection  by  storm  overflow  with  the  Chorlton 

Brook  will  be  discontinued  on  the  completion  of  the  new  works. 

The  pumping  plant  proposed  will  consist  of  centrifugal 

pimips,  driven  by  oil  ei^ines,  and  will  be  capable  of  lifting 

7000  gallons  per  minute,  with  a  lift  of  18  feet 

The  soil  at  the  sewage  works  consisting  of  alluvial  deposit, 
considerable  clifficulty  was  experienced  in  constructing  the 
foundations  of  the  boiler  and  engine  house,  and  chimney  shaft, 
and  piling  had  to  be  resorted  to. 

The  piles  are  driven  in  pairs,  at  distances  apart  of  4  feet, 
through  the  blue  alluvial  clay  into  the  underlying  red  sand- 
etone  rock,  which  was  met  with  at  about  43'24  above  O.D.  or 
29  feet  below  the  original  surface.  The  piles  were  11  inches 
and  12  inches  square,  and  were  driven  to  the  solid  in  evray 
casa 

Upon  the  heads  of  the  pilea,  which  were  sawn  off  to  a 
re^ar  level,  concrete  3  feet  in  depth  by  a  width  of  4  feet  was 
filled,  and  the  brick  footings  laid  thereon. 

The  Author  considers  the  satisfactoiy  inception  and  comple- 
tion of  these  works  to  be  due  chiefly  to  the  enlightened  policy 
of  the  Witbington  Council  iu  realising  the  necessity  for  the 
expenditure,  and  in  their  not  hampering  tiie  Author  by  nndnly 
"  cutting  down "  the  scheme,  which  is  far  too  often  the  case 
with  local  authorities. 

The  Author  also  wishes  to  acknowledge  the  invaluable  ser- 
vices rendered  to  the  Council  and  himself  by  the  chairman  of 
the  main  drunage  committee.  Councillor  Joseph  Swarbrick, 
C.E.,  by  the  chairman  of  the  main  drainage  works  committee. 
Councillor  W.  Norquoy,  and  the  members  of  these  committees, 
in  the  careful  consideration  of  the  multitudinous  details  which 
have  80  long  been  before  them,  and  for  their  very  practical 
advice  and  su^estions  on  many  occasions. 

The  Author  is  also  deeply  conscious  of  the  ability  and 
untiring  energy  and  care  exercised  throughout  the  execution  of 
the  works  by  the  resident  ei^ineer,  Mr.  Q.  U.  C!olIins,  and  the 
staff  of  inspectors  under  him. 
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Mr.  J.  Fatten  Babbsr  :  I  b^  to  propose  a  sincere  vote  of 
thankB  to  the  Authors  of  the  papers.  I  can  remember  this 
place  when  it  was  little  more  than  a  vill^e,  and  the  only  edu- 
cational provinioD  for  rich  and  poor  vaa  the  national  school.  I 
know  some  of  the  difficulties  with  which  the  urban  district 
council  have  had  to  contend,  and  I  am  quite  certain  that  the  way 
ia  which  their  ei^^eers  have  surmounted  those  difficulties  is  a 
credit  to  the  profession  to  which  we  belong.  I  have,  therefore, 
peculiar  pleasure  in  moving  that  a  vote  of  thanks  be  given  to 
Mr.  Mountain  and  Mr.  Swarbrick  for  their  papers  on  the  work 
carried  out  in  this  important  district. 

Mr.  S.  S.  PuLTT :  I  have  very  great  pleasure  in  seconding 
the  vote  of  thanks  which  baa  been  so  ably  proposed  by  Mr. 
Barber.  I  think  we  are  exceedingly  fortunate  in  having  the  two 
papers,  giving,  as  they  do,  a  consecutive  history  of  sewage  dis- 
posal in  Withington  for  a  good  number  of  years.  It  has  been 
my  fortune  to  know  something  of  the  earlier  works  of  Withing- 
ton, the  sewage  works  particularly,  when  Mr.  Swarbrick  was 
the  engineer,  and  I  knew  the  difficulties  he  had  to  con- 
tend with.  I  knew  the  farm  when  it  was  acting  satisfactorily, 
and  when  it  was  not  acting  satisfactorily.  It  ia  one  of  those 
cases  of  a  fhrm  where  the  committee  unfortunately  interfered 
with  the  engineer's  arrangements.  They  were  troubled  with 
a  great  volume  of  sewage,  and  instead  of  facing  the  diffioalty 
properly,  the  Committee  introduced  some  intervening  shallow 
drains,  which  certainly  clarified  a  large  volume  of  sewage  but 
did  not  purify  it.  The  historical  part  of  the  paper  does  not  call 
for  much  comment.  It  is  a  very  good  account  When  we  come 
to  Mr.  Mountain's  paper,  we  are  under  the  disadvantage  of  not 
having  yet  seen  the  works.  They  have  adopted  contact  beds, 
due  largely  to  the  difficulty  of  levels.  Further  than  that,  when 
the  question  had  to  be  faced,  the  contact  system  appeared  to  be 
the  only  one  possible.  Since  then,  other  types  of  bacterial  treat- 
ment, such  aa  sprinklers,  have  come  into  favour,  and  there  is, 
jnst  now,  a  tendency  to  abandon  contact  beds  and  go  in  for 
sprinkler  beds.  I  can  say,  from  my  experience  of  both,  that  tho 
sprinkler  beds  have  come  to  stay,  of  course,  that  is,  where  the 
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lerela  vill  allow  it.  Tlie  beds  are  less  likely  to  choke  up 
than  contact  beds,  as  you  get  coDtmnous  aeration.  They  have 
also  the  old  tana  to  fall  back  apoa  as  an  adjunct  to  the  contact 
beds,  so  they  can,  if  necessary,  pass  the  efDnent  over  the  land.  I 
can,  however,  say,  from  an  experience  of  an  alluvial  soil  like 
that  at  Withington,  that  they  will  have  to  give  the  land  a  satis- 
factory reet  before  they  can  expect  to  get  agood  effluent  from  it. 
To  put  an  effluent  froin  contact  beds  on  land  not  qualified  to 
improve  it  would  be  a  mistake. 

Mr.  A.  M.  FowLEB :  The  bacteriologioal  system  cannot  be 
applied  univeisally  to  all  places  for  the  treatment  of  sewage. 
Wherever  this  system  is  adopted,  you  must  first  clarify  the 
sewage  and  free  it  from  mineral  matter  by  detritus  tanks  and 
sedimentation  before  passing  it  on  to  the  bacteria  beds.  WiUi 
a  domestic  eewt^  you  can  then  get  a  very  good  effluent,  an 
effluent  in  which  the  albuminoid  ammonia  is  not  greater  tiian 
say  0*1  grain.  An  effluent  of  tiiat  character  is  admissible  into 
any  stream.  But  in  the  working  of  bacteria  schemes,  as  time 
goes  on,  the  beds  lose  their  capacity.  Therefore,  when  you 
come  to  deal  with  a  manufacturing  town,  where  manufacturing 
refuse  ia  turned  into  the  sewers,  there  is  sometimes  difficulty  in 
providing  for  screening  to  prevent  the  fibrous  and  otiher  nvste 
material  going  into  the  beds  and  thus  choking  them  up.  For 
this  reason  I  should  like  to  caution  all  municipal  bodies  against 
forming  too  hasty  conclusions  as  to  the  eystem  of  sewage  dis- 
posal to  be  adopted.  Them  is  a  very  wide  difference  between 
the  treatment  of  domestic  sewage  and  the  treatment  of  the 
sewage  of  manufacturu)^  towns,  and  I  challenge  the  profession 
to  Bay  that  the  Imcteria  system  will  treat  every  class  of  sewage. 
Perhaps  it  is  a  happy  circumstance  for  os  as  engineers  that 
the  sewage  of  each  town  must  be  treated  from  its  own  stand- 
point. 

Br.  Fowler  :  I  rise  with  some  diffidence  as  being  a  visitor 
in  your  midst,  and  also  a  Member  of  another  profession — a  pro- 
fession which,  I  hope,  will  always  work  haiid  in  hand  with 
Municipal  Ei^ineera  in  the  solution  of  the  problems  with 
which  these  papers  deal.  I  think  if  we  are  to  solve  the  sewage 
problem  in  all  its  varying  maoifestationa,  the  united  work  of 
the  engineer  and  the  chemist  is  necessary  to  obtain  success. 
Fortunate  it  may  be  fw  all  of  us  that  it  is  so.  With  r^faid  to 
the  works  we  are  going  to  see,  I  again  have  some  hesitation  in 
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speaking,  as  I  may  have  somethiDg  to  do  in  looking  after  them 
in  future.  I  will  only  say  this,  that  one  can  rarely  enter  tipon 
nev  work  with  the  same  conEdence  and  pleasnie  that  one  does 
with  works  d  this  sort.  Everything  has  been  done  to  make 
them  as  good  aa  they  could  possibly  be,  and  I  am  looking  for- 
ward to  getting  very  intereatii^  and  good  results  from.  them. 
At  any  rate,  if  anything  goes  wrong  in  the  future,  no  one  can 
aay  the  engineers  are  to  blame.  There  are  a  number  of  points 
of  general  interest  which  one  could  discuss — there  is  the  peren- 
nial one  of  contact  beds  against  continuous  filters.  I  think  yon 
will  find  yoo  can  get  equfdly  good  results  from  both  if  yon  have 
sufficient  space  in  each  case.  You  have  to  decide  by  the  area 
available  which  plan  to  adopt.  If  you  have  a  snfiicient  area,  I 
think  it  is  economical  to  go  in  for  contact  beds.  On  the  other 
hand,  where  you  are  shut  in  a  comer  and  obliged  to  pump,  I  think 
you  will  find  it  best  to  go  in  for  continuous  filters.  In  each  case 
you  must  deal  with  the  question  as  best  fits  local  conditions.  As 
to  the  danger  of  slndgingjup  contact  beds.  In  the  past,  and  to 
some  extent  in  the  present,  it  seems  to  be  assumed  by  engineers 
that  if  your  contact  bed  becomes  sludged  up,  the  thing  is  a 
failure.  I  would  venture  to  say  that  the  washing  of  the  sand 
of  a  waterworks  filter  is  a  more  expensive  process  than  the 
washing  of  cinders  from  a  contact  bed.  I  have  gone  carefully 
into  the  methods  and  coat  of  both.  The  washing  of  a  cinder 
bed  can  be  done  very  cheaply.  They  are  doing  it  at  Burnley 
at  Is.  per  cube  yard,  and  where  that  has  to  be  done  only 
once  in  five  years,  the  cost  is  not  very  great.  The  elabor- 
ate arrangements  for  straining  and  otherwise  clari^ing  your 
sewf^  will  result  in  greater  cost  than  the  simple  method  of 
cleaning  the  material  at  long  intervals.  I  commend  this  latter 
to  the  ei^ineering  profession. 

ISi.  J.  CoBBETT :  These  papers  have  been  of  very  great  interest 
to  me,  not  only  from  the  careful  history  of  the  neighbourhood 
and  its  drainage,  but  also  because  the  scheme  runs  parallel  with 
the  scheme  which  we  are  carrying  out  at  Salford,  and  which  I 
hope  to  see,  but  cannot  be  sure  of  seeing,  finished  in  my  time. 
As  to  the  question  of  contact  or  trickling  beds,  Withington  had 
the  choice  of  either,  because  there  is  a  fall  of  6  feet  6  inches,  so 
it  would  have  been  possible  to  have  had  sprinklers  and  beds 
6  feet  deep.  Which  of  the  two  will  prove  more  efficient  will 
take  many  years  to  determine.    Since  coming  into  the  room,  on* 
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idea  has  been  impressed  upon  my  mind,  vhethei  it  would  not 
be  possible  to  have  a  deep  drain  running  right  throogh  the 
district  to  the  Ship  Canal,  and  I  vonld  lilce  to  know  whether 
the  difficulty  in  the  way  is  an  engineering  one,  or  that  of  getting 
three  or  four  authorities  to  join  together.  It  would  be  a  public 
benefit,  and  a  desirable  thing  to  have.  Kow  that  Withington  is 
being  amalgamated  with  Manchester,  things  which  could  not  be 
thought  of  in  Withington  may  be  thought  of  in  Greater  Man- 
chester. This  is  a  very  bold  scheme,  with  sewers  of  6  feet  9  in. 
in  diameter.  For  a  country  residential  district  such  as  this  it 
shows  the  boldness  with  which  the  difficulties  have  been  attacked, 
and  we  shall  all  be  interested  in  seeing  the  actual  way  in  which 
the  work  has  been  carried  out. 

The  vote  of  thanks  was  imanimously  accorded. 

Mr.  SwABBRiCK,  in  reply,  said :  It  is  scarcely  possible  fear  me 
to  express  the  delight  which  I  personally  have  in  seeing  the 
Association  at  Withington.  I  wanted  a  meeting  20  years  ago, 
but  it  did  not  take  place.  At  any  rate,  there  is  a  deal  more  to 
see  now  than  there  was  in  those  times,  when  we  were  stru^ling 
against  many  difBcultiea.  With  regard  to  Mr.  Corbett's  question 
as  to  the  deep  drain,  thirty  years  i^o  there  were  many  attempts 
made  to  carry  out  a  joint  scheme,  even  before  the  Ship  Canal,  but 
everjrthing  of  the  kind  was  impossible,  because  we  were  not  part 
of  Greater  Uanohester  and  SalfOTd.  Probably  when  we  get  the 
two  united  as  wdl  as  all  the  suburbs,  we  may  carry  out  many 
schemes  of  great  benefit  to  the  several  diatricts,  which  in  our 
presmit  condition  are  absolutely  impoBsible. 

Mr.  A.  H,  MouKTADf,  in  reply,  said:  I  am  very  much 
obliged  to  you  for  the  very  kind  vote  of  thanks  passed  for  the 
paper  which  I  have  had  the  pleasure  of  giving.  I  should  like 
to  say,  in  reply  to  Mr.  A.  M.  Fowler,  that,  with  reference  to  the 
clarification  of  the  sewage,  this  is  done  by  the  large  sedimenta- 
tion tanks  we  put  down,  and  as  a  preliminary  to  sedimentation 
we  have  the  detritus  tanks,  so  that  it  is  a  fairly  clarified  sewage 
that  comes  forward  for  treatment.  The  sewage  is  entirely 
domestic,  and  we  have  no  manufoctores,  so  the  difficulties  he  has 
spoken  of  do  not  arise  at  Withington. 

With  regard  to  the  treatment  on  land,  it  is  intended,  when 
the  land  has  been  returned  to  a  clean  condition  by  ploughing 
and  working,  to  turn  the  effluent  upon  it,  and  to  cultivate  crops. 

With  r^urd  to  Mr.  Corbett's  remark  as  to  the  6  feet  depth 
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required  for  spiinklen,  our  volume  increaaee  ao  rapidly,  up  to 
nine  or  ten  million  gallons  and  more  at  times,  that  I  do  not  think 
sprinklers  could  be  satiBfoctorily  adopted.  Then  as  to  the 
suggested  deep  efBaent  outfall  culvert  to  the  river,  we  should 
have  had  to  go  throtigh  a  numher  of  other  districts,  mhan  and 
mral,  and  time  would  not  permit  of  the  negotiations,  etc., 
necessary,  and  the  results  in  any  case  would  have  been  doubtful 
and  the  cost  excessive.  We  were  being  forced  to  action  by 
the  Mersey  and  Irwell  Joint  Committee,  and  we  adopted  the 
then  best  known  means  of  dealing  with  the  eewage.  With 
referenca  to  the  large  size  of  the  new  sewers,  many  of  the 
older  sewers,  laid  in  twenty  years  ago  and  more,  were  far  too 
small,  and  we  determined  in  this  instance  not  to  make  any 
mistake  of  this  kind,  but  to  construct  the  sewers  sufficiently 
large  to  allow  for  any  future  developments  of  the  district  that 
coold  be  reasonably  foreseen. 

Communicated  Diteussian,. 

Mr.  Q.  W.  Lacet  :  I  should  like  to  know,  if,  in  view  of  what 
has  been  saved  in  other  towns  by  giving  up  chemical  treatment  of 
the  sewage  and  adopting  natural  sedimentation  and  septic  treat- 
ment, Mr.  Mountain  has  arrived  at  the  conclusion  that  t^e  system 
he  adopts  is  the  most  satisfactory  for  his  district,  and  the  reason 
for  BO  doing,  and  in  connection  with  this  it  would  be  most  interest- 
ing to  be  supplied  with  a  fair  average  analysis  of  the  sewage  and 
the  efiQuent  obtained  by  the  dual  treatment,  chemical  and  bacte- 
riaL  It  seems  to  me,  however,  that  given  tanks  of  auf&cient 
capacity  for  either  adequate  sedimentation  or  liquefaction,  the 
bacteria  beds  should  be  able  to  perform  the  remainder  of  the 
purification,  and  the  working  expenses  would  be  lessened  l^  a 
very  considerable  sum,  by  reason  of  having  no  chemicals  to 
provide  and  a  less  quantity  of  sludge  to  deal  with. 

Bespecting  the  size  of  tiie  material  in  the  primary  beds,  my 
personal  experience  a  against  the  use  of  material  containing  a 
considerable  proportion  of  a  gaage  so  small  as  a  quarter  of  an 
inch,  and  I  shall  be  glad  to  know  if  the  Author  has  gat^nga  to 
show  what  loss  of  capacity  has  taken  place  in  the  primary  beds 
which  have  been  longest  in  use.  The  question  of  material,  its 
nature  and  size,  is  one  of  the  most  important,  in  my  opinion,  in 
r^pird  to  primary  contact  beds.  . 
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The  workiiiig  area  of  each  set  of  beds  is  8  x  2900  =  23,200 
squAre  yards  ornearly  5  acres,  and  tMs  representa  a  rate  of  129 
gallons  per  square  yard  or  approximately  600,000  gallons  per  acre 
per  day,  baaed  on  the  dry-weather  flow.  Taking  the  water 
capacity  at  ^  of  the  total  cubic  capacity,  this  gives  2^  fillings 
(nearly)  to  each  bed  per  day,  which  is  sure  to  be  increased  after 
say  two  years'  vorldng.  Multiply  this  by  3  (three  times  dry 
weather  flow)  and  it  is  apparent  that  iu  wet  weather  the  beda 
will  be  heavily  taxed ;  but  probably  the  beds  in  rest  can  be 
brought  into  temporary  use  at  such  times. 

The  Author  does  not  describe  the  construction  of  the  storm- 
water  filters  nor  give  their  area,  which  information  would,  1 
think,  be  usefully  added  to  the  paper,  and  also  in  what  manner 
the  sludge  is  disposed  of.  Will  he  also  state  what  is  the  cost 
per  ton  of  burning  the  house  refuse  ? 


Commvnicated  Bt^y. 

Mr,  A.  H.  MouNTAiM :  The  only  chemical  treatment  in  use 
at  Withiogton  is  the  placing  of  a  block  of  aluminoferric  cake 
in  the  sewage  channel  to  assist  the  sedimentation  in  the  detritus 
and  sedimentation  tanks.  I  doubt  the  advisability  of  septic 
treatment  as  a  prelimioary  to  the  double  contact  bacterial 
treatment  for  ordinary  domestic  sewage  snch  as  is  treated  here. 
In  my  opinion  it  is  impossible  te  obtain  the  best  results  con- 
tinuously without  first  abstracting  the  solids  as  far  as  possible. 
The  aluminoferric  itself  of  comae  makes  no  addition  to  the  quan- 
tity of  sladge.  As  to  the  size  of  the  material,  my  experience 
for  three  years  of  the  experimental  beds  laid  down  showed  that 
exact  grading  of  the  material  was  unneceBsary.  Some  diminution 
of  capacity  is  to  be  expected,  bnt  this  will  be  due  both  to  the 
consolidation  of  material  and  the  aoonmulation  of  humns  on  the 
sur&ce  of  the  dnders  and  tn  the  bed  gwterally. 

Hie  capacity  of  tiie  eight  primary  beds  iu  work  is  3,902,240 
gallons  per  day  with  three  fillings,  or  168 '  2  gallons  per  super- 
ficial yfird,  not  129,  and  if  the  two  beds  resting  be  brought  into 
operation  a  farther  quantity  of  975,660  gallons  may  be  dealt  with, 
or  a  total  of  4,877,800  gallons.  At  times  of  heavy  rain  the  beds 
will  be  filled  more  &equently,  and  all  above  9,000,000  gallons 
Sow  wiU  pass  to  the  storm-water,  continuous-fiow,  filter  beds. 
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These  are  two  in  number  and  together  have  an  area  of  2^  acres. 
They  are  capable  of  treating,  at  the  rate  of  500  gallons  per 
superficial  yard  per  day,  6,050,000  gallons.  They  are,  like  the 
bacterial  beds,  3  feet  in  depth. 

It  must  be  remembered  that  the  dry-weather  sewage  flow  is 
always  diluted  with  subsoil  water  to  the  extent  of  60  per  cent. 

The  sludge  is  pressed  in  the  Johnson's  presses,  and  the  cake 
is  mixed  with  the  dry  ashpit  refuse  and  burnt  in  the  Simplex 
Destructor  cells,  the  clinker  resulting  being  now  conveyed  to 
the  storm  water  filter  beds  to  complete  the  filling  thereof. 
I  am  not  yet  able  to  give  with  accuracy  the  cost  of  burning 
the  refuse  at  the  sewage  works,  but  at  the  old  destructor  in 
Nell  Lane  the  cost  is  about  Sd.  per  ton. 
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CRESIATION 
IN  MANCHESTER  AND  ELSEWHERK 

By  J.  HAEVEY  SIMPSON, 

SeCBETASY  of  the   MiJICHSSTSB  CSBHATOEIUH. 

The  neceasity  for  a  more  rational  method  of  the  disposal  of 
human  remaina  has  been  forced  npon  the  commumty  at  large 
mainly  for  two  reasons ; — 

1.  The  increase  of  towns  and  populous  places. 

2.  The  dangers  to  the  public  health  to  which  places  of  inter- 
ment give  rise. 

Modem  cremation  was  first  brought  before  the  British  public 
is  an  article  written  by  the  late  Sir  Henry  Thompson,  and 
published  in  the  '  Contemporary  ReView'  of  January  1874. 

The  publication  of  this  article  resulted  in  the  fonnation  of 
the  Cremation  Society  of  England,  in  1875. 

Before  dwelling  upon  the  ai:guments  in  favour  of  cremation 
it  may  be  well  to  venture  a  few  remarks  upon  tbe  two  most 
prominent  objections  raiaed  against  it. 

And  firstly  as  regards  the  religious  objection. 

In  1886  His  Holiness  the  Pope  promulgated  a  decree  in 
which  he  stated  that  cremation  was  a  detestable  abuse,  and  that 
it  was  not  lawful  for  any  Soman  Catholic  to  leave  orders  for 
cremation . 

Cardinal  Yaughan,  the  late  Archbishop  of  Westminster,  said 
that  cremation  was  the  revival  of  a  pagan  system,  anti-Christian, 
anti-Biblical ;  and  that  if  the  body  were  to  be  anaihilated  by 
cremation,  faith  in  the  doctrine  of  the  Besurrection  would  grow 
weaker  and  weaker,  and  would  eventually  disappear. 

The  natural  replies  to  these  arguments  are  that  interment  is 
a  continuation  of  a  pagan  custom,  that  no  objection  to  cremation 
is  raised  in  the  Scriptures,  and  that  nature  recognises  no  such 
thing  as  annihilation — there  is  simply  a  change  in  the  constituents 
of  the  body,  and  that  occurs  whether  cremation  is  resorted  to  or 
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ordinuy  mtermflnt  Bishop  Vrazer,  of  Manchester,  said,  "  No 
inteUigent  faith  can  suppose  that  any  ChiietiaD  doctrine  ia 
aflected  by  the  manner  in  vhich,  or  tiie  time  in  which,  this 
mortal  body  of  onis  crumbles  into  dnst  and  sees  coiruption." 

The  present  Bishop  of  Manchester  lately  viote,  "  We  shall 
come  to  see  that,  under  the  conditions  of  modran  life,  cremation 
is  not  only  preferable  &om  the  sanitary  pcont  of  view,  but  that 
it  is  also  a  most  reverent  and  decent  treatment  of  the  bodies  of 
the  dead,  and  one  that  is  in  entire  accordance  vith  Christian 
belief." 

The  second  objection  raised  against  ciemation  is  called  the 
medico-l^al  difficulty.' 

It  has  been  argued  tiiat  with  the  spread  of  cremation  the 
number  of  deaths  by  poisoning  wonld  greatly  increase.  For 
A  time  it  was  somewhat  difficult  to  anaver  this  objection  fully, 
but  fortunately,  in  1893,  a  Select  Committee  of  the  House  of 
Commons  was  appointed  to  inquire  into  the  snfficiency  of  the 
existing  law  as  to  the  disposal  of  the  dead,  for  securing  an 
accurate  record  of  the  causes  of  death  in  all  cases,  and  especially 
for  detecting  them  where  death  may  have  been  due  to  poison, 
violence  or  criminal  neglect.  The  report  of  the  committee,  with 
the  evidence  taken  by  them,  has  been  printed  and  can  be  pur- 
chased for  3s.  4d,  It  contains  no  less  than  350  p^es,  and  is 
most  Tsluable  as  proving  the  present  defects  in  death  certifica- 
tion and  generally  in  r^ard  to  Uie  disposal  of  the  dead.  Deaths 
are  classed  as  certified  and  uncertified;  and  even  as  regards 
certified  deaths,  the  report  states  that,  so  far  as  affording  a  record 
of  the  tme  cause  of  death,  and  the  detectioo  of  it  in  oases  where 
death  may  have  been  due  to  violence,  poison,  or  criminal 
neglect,  the  class  of  certified  death  leaves  much  to  be  desired. 
Dr.  Olaister,  of  CMasgow,  informed  the  committee  that  he 
saw  DO  difficulty  for  anybody  to  perpetrate  a  crime,  get  the 
whole  matter  certified  and  registered,  and  the  body  intoned 
without  anyone  detecting  it.  Time  fails  one  to  cite  the  nnmber- 
less  instances  in  this  evidence  and  report,  proving  that  the 
medico'le^  difficulty  is  ever  present  where  ordinary  interment 
is  resorted  to,  instead  of  where  cremation  is  resorted  to. 
Becommendations  for  legislation  are  given  by  the  committee  to 
remedy  the  present  defecte,  but  bo  far  nothing  has  been  done. 
The  question  now  arises  whether  by  ciemation  these  dangers 
ure  in  any  way  got  over,  and  the  answer  is  that  as  r^;ardB 
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erematioii  the  medico-U^  difficnlty  has  piactically  disappeared 
by  reason  of  the  passing  of  the  Cremation  Act^  1902,  and  the 
roles  and  orders  in  porsoance  of  audi  Act. 

The  foUowing  are  the  requirements  undei  the  Act  for  a 
cremation: — 

1.  The  usaal  registrar's  order  for  burial. 

2.  An  application  for  cremation  by  tiie  nearest  relatiTe  or 
executor  of  tlie  deceased,  to  be  signed  before  a  solicitor  or 
justice  of  the  peace, 

3.  Two  medical  certificates,  one  to  be  signed  by  the  ordinary 
medical  attendant  of  the  deceased. 

ThaB6  forms  are  placed  btfore  the  medical  referee  of  the 
orematcodum,  whose  duty  it  is  to  carefully  examine  the  same 
and  if  satisfied  to  give  a  written  authority  to  cremate.  Each 
crematorium  is  bonnd,  under  the  Cremation  Act,  1902,  to  appoint 
a  medical  referee,  and  the  second  medical  certificate  is  to  be 
signed  by  a  medical  practitioner  of  not  leas  than  five  years' 
standing. 

The  above  requirements  prove,  therefore,  that  no  cremation 
can  take  place  except  under  satisfactory  conditions.  Having 
considered  the  two  popular  objections  to  cremation,  we  now 
turn  for  a  few  moments  to  the  arguments  in  &vour  of  crema- 
tion. 

1.  The  Saititary  Argument. — In  regard  to  a  dead  body,  we 
have  a  duty  to  perform — 

(a)  To  the  deceased. 

(b)  To  ourselves  and  to  our  descendants. 

In  relation  to  the  deceased,  we  must  see  that  the  dead  body 
is  dealt  with  kindly,  decently,  and  in  a  spirit  of  reverence. 

In  relation  to  ourselves  and  to  out  descendants,  we  most  see 
that  in  our  manner  of  dealing  with  the  dead  body  we  leave  no 
legacy  of  disease  and  pestilence  &om  which  we  and  our  descend- 
ants may  suffer  from  our  disregard  of  proper  sanitary  pre- 
cautions. 

Immediately  after  death  decomposition  sets  in — the  resolution 
of  the  body  from  its  complex  (^emioal  compounds  into  simpler 
and  more  elementary  substances. 

By  interment — slow  decomposition,  slow  putrefaction. 

By  cremation — quickly,  surely,  without  danger  to  anyone. 
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The  dangers  to  the  pablic  health  to  which  places  of  interment 
^Te  rise  are  of  two  kinds : — 

(d)  The  contamination  of  air  by  the  gaaeons  and  volatile, 

and 
(b)  Of  drinking  water  t^  tiie  liciuid  and  soluble  prodncte 

of  decomposition. 

Another  powOTfiil  ai^nmeot  in  &vonx  of  cremation  is — 

2.  The  Land  Question. — The  late  Bishop  Frazer  said :  "  Here 
is  another  100  acres  of  land  withdrawn  from  the  food-producing 
aiea  of  the  country  for  ever.  I  feel  cODvinced  that  before  long 
we  shall  have  to  fece  this  problem — how  to  bury  onr  dead  out 
of  our  sight  more  practically  and  more  seriously  than  we  have 
hitherto  done.  In  the  same  sense  in  which  the  Sabbath  was 
made  foi  man,  and  not  man  for  the  Sabbath,  I  hold  that  the 
earth  was  made  not  for  the  dead,  but  for  tiie  living." 

This  question  forms  one  of  the  puftmonnt  problems  of  the 
day,  and  waits  for  an  immediate  and  satdsfEictory  solution,  the 
only  satisfactory  solution  being  cremation.  The  church-yards 
oonld  then  be  used  by  the  eiectaon  of  arcades  and  colnmbeuia  to 
contain  the  cremated  ashes. 

1^  ft^owing  are  the  present  crematoria  in  England  and 
ScoUaod: — 


Birmingham 

livOTpod 

Dorlio^n 

London  (Woking) 

Glasgow 

„      (Golder's  Green) 

Hnll 

„      (Hford) 

Leiceater 

Manchester. 

The  ca^matoria  at  Hnll  and  Leicester  were  erected  from 
municipal  funds  by  special  Acta  of  Parliament ;  but  now,  under 
the  powers  contained  in  the  Cremation  Act,  1902,  any  munici- 
pality can  vote  funds  for  the  erection  and  maintenance  of 
crematoria.  The  ctematorium  at  Hfoid  was  erected  for  the  City 
of  London  under  such  powers.  The  other  crematoria  were 
erected  by  private  subscription,  and  will,  it  is  anticipated,  be 
eventually  taken  over  by  their  respective  municipal  authorities. 

The  main  architecture  of  a  crematorium  is  a  detail  entirely 
to  the  taate  of  the  architect.  The  orchitectnie  of  the  Manchester 
Crematorium  is  similar  to  churches  to  be  found  to-day  in 
Lombardy  and  Venice. 

K  2 
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As  r^fftrds  the  fiimEUM  portion  of  the  ardiitectiirB,  the  fomi 
need  at  the  Qford  Crematorium,  which  is  an  improTemeat  upon 
that  of  the  Manchester  Ciematorium,  ia  the  best  one  at  preseat 
Bo^ested. 

Dkscbiption  of  JlS  Idxal  Cbsuatobiuh. 

At  the  &ont  is  the  haU  or  chapeL  tn  the  centre  of  the  vail 
opposite  to  the  principal  entrance  is  pkced  the  cat^alqne  or 
apertture  leading  to  the  furnace  room.  A  vestry  or  waiting- 
room  is  at  the  left  of  the  hall  and  the  furnace  chimney  at  the 
right  The  hall  is  flanked  on  either  side  by  open  arched 
colonnades  raised  above  the  level  of  the  ground,  protecting 
columbaria  erected  between  each  arch.  There  should  be  an 
organ  over  the  front  entrance  and  a  pulpit  to  the  right  of  the 
cat^alque,  the  sides  and  front  of  the  catafolque  being  decorated 
with  ptdms  and  green  plants.  The  centre  of  the  hall  is  kept 
vacant  for  the  entrance  of  the  cofiGn  and  mourners,  each  side 
being  filled  with  chairs  standing  on  matting  so  aa  to  add  to  the 
warmth  and  comfort  of  the  mourners,  llie  bearers  bring  the 
body  along  the  hall  and  place  it  upon  the  catafalque,  whereupon 
the  funeral  service  commences.  In  the  centre  of  the  catafalqn,e 
is  an  invisible  phain.  At  the  words  of  committal,  an  electric 
button  is  pressed,  a  curtain  drawn,  and  a  door  opened,  an 
operator  at  the  back  working  the  chain,  whereupon  the  cofBn 
glides  noiselessly  into  the  chamber  beyond,  where  it  remains 
nntil  the  conclusion  of  the  service,  the  door  again  being  (dosed 
and  the  curtain  unfolded. 

For  the  cremation  the  chain  winds  the  oof&n  on  to  a  trolley 
laid  on  transverse  rails ;  the  trolley  moves  either  to  the  left  or  to 
the  r^ht  exactly  before  the  furnace  to  be  used.  By  the  use  of 
these  transverse  rails  any  number  of  entirely  independent  furnaces 
can  be  in  operation  at  the  same  time.  There  is  thus  the  one 
hall  or  chapel  at  tiie  front  and  the  cremating  chamber  with 
furnaces  at  the  rear,  the  furnaces  to  be  increased  as  occasion 
may  require. 

The  charges  for  cremation,  including  all  fees,  vary  from  two 
to  five  guineas ;  but,  in  considering  the  expense  of  cremation  as 
compared  with  ordinary  interment,  it  must  be  remembered  that 
an  expensive  coffin  is  useless.  The  cost  in  any  case  should  not 
exceed  3/.  10s.,  and  it  is  not  necessary  to  purchase  a  grave  or 
expensive  monument  or  stone. 
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En^eers  will,  howeva-,  be  mostly  mterested  in  the  descrip- 
tion of  the  fomace. 

1.  Oremation  by  Sleeirieity. — The  Author  hu  made  veiy 
carefdl  inyeBtigatioii,  bat  can  find  no  record  (^  any  crematii^ 
fomace  worked  by  electricity.  It  is  to  be  hoped  that  some 
manioipal  corporation  will  use  this  method  of  incineration. 

2.  Cremation  6y  Fud. — A  description  of  the  Manchester 
fomace  invented  by  Henry  Simon,  Ltd.,  Engiueeis,  of  Man- 
chester, is  as  follows : — 

The  fnmace  mainly  conBiati  of  the  gas  generator  and  the 
cremating  chamber,  which  are  both  built  together  in  one  block 
sod  connected  by  gas  and  air  conduits.  The  gaa  generator  is  a 
Y-shaped  fomace  of  the  vertical  type,  built  of  fire-bricka  and 
fitted  with  eoitable  fire-grating.  The  fuel  for  charging  the 
generator  is  fed  through  two  oast-iron  hoppers  arranged  with 
slides  on  the  top  of  the  furnace. 

The  cremating  chamber  is  entirely  bnilt  of  the  best  fire-day 
material,  and  constructed  in  the  shape  of  a  horizontal  retort^ 
with  an  arched  top  and  a  perforated  or  grid-like  bottom ;  botii 
ends  are  provided  with  vertical  sliding  doors. 

Underneath  the  cremating  chamber  there  is  a  second  cbunber, 
in  front  of  which  is  a  funnel-shaped  ash  hopper,  and  at  the  back 
a  sliding  door.  This  second  chamber  serves  for  finally  boining 
any  parts  of  the  body  which  may  &11  during  the  process  through 
the  perforated  bottom  into  whidi  the  body  to  be  cremated  has 
been  first  introduced.  The  gss  generator  is  charged  with  dean 
fuel,  preferably  pure  coke,  and  for  a  fewboura  an  ordinary  fire  is 
maintained,  gradually  increasing  in  intensity.  Then  hot  gases 
thra  created  pass  through  conduits  up  to  the  cremating  chamber, 
heating  its  walls  increasingly.  This  method  of  firing,  however, 
is  only  used  in  the  beginning,  as  it  would  not  be  sufBcient  to 
produce  the  intense  heat  required  in  the  cremating  chamber,  vis. 
1800'  to  2000°  F. 

!nie  fire,  therefore,  is,  after  a  time,  conducted  in  a  different 
way,  viz.  instead  of  ordinary  complete  combustion  of  the  coke 
being  allowed  to  take  place,  the  supply  of  atmospheric  air  is 
reduced  by  closing  the  slides,  and  an  imperfect  combustion  only 
allowed  to  take  place.  Instead  of  carbonic  acid,  which  ia  the 
result  of  complete  combustion,  oxide  of  carbon  only  is  thus 
engendered,  which,  at  a  point  higher  up  in  the  furnace  and  at 
the  sides  of  the  upper  cremating  chamber,  is  brought  into  contact 
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vrith  pme  atmospheric  air  entering  through  separate  channels. 
The  oombufltion  of  oxide  of  carbon  bj  this  means  is  taking  plaee 
exactly  at  the  point  where  the  greatest  heat  is  absolutely  wanted, 
■viz.  aiound  the  body  to  be  cremated.  The  &ii  is  thus  heated 
before  coming  into  contact  with  the  oxide  of  oarbon,  and  piodnoes 
in  this  way  a  much  higher  degree  of  heat  than  could  be  obtained 
by  the  admission  of  cold  air.  The  furnace  is  ready  for  cremation 
as  soon  as  the  cremating  chamber  glows  with  a  bright  orange 
colour.  The  body  to  be  cremated  con  then  be  introdnced. 
After  about  an  hour  the  process  is  completed ;  and  the  remains 
are,  by  meaDS  of  an  asbestos  brush,  pushed  into  the  hopper, 
falling  hence,  without  being  touched  by  human  hands,  into  the 
urn  which  has  previously  been  placed  underneath. 

3.  Orvmation  hy  Qat. — This  method  of  incineration  is  in  use 
at  the  Bouen  Crematorinm. 

The  lighting  gas  furnace  has  six  principal  parts : — 

1.  Indnerating  chamber. 

2.  Introducer. 

3.  Gas-burner. 
4  Becuperator. 

6.  Flue  from  furnace  to  chimney. 

6.  Chimney. 
The  iniMnmiting  chamber  and  recuperator  is  a  vaalt-shaped 
chamber  of  brick,  with  two  grooves  in  the  floor,in  which  tiie  jnojeo- 
tions  of  the  introducer  sUda  At  the  far  end  are  the  gaa-bumers ; 
at  the  two  aides  are  the  pipes  which  bring  the  hot  air  from  the 
recuperator,  each  provided  with  a  regulation  tap  for  regulating 
supply.  Also  at  the  sides,  but  nearer  the  front,  are  pipes  or 
flues,  for  conducting  the  incineration  vapours  and  gases  to  the 
smoke  tabes  of  the  recuperator.  The  &ont  ni  the  chamber  is 
shut  by  a  double  door.  The  oatw  door  consista  of  two 
folding  doOTa  in  cast  iron,  (^)ened  and  closed  l^  a  handle^  The 
inner  door  of  cast  iron  is  a  sash  &ame,  fitted  with  fire-brick 
blocks,  which  slide  up  and  down  by  counterpoise  weights.  The 
recuperator  is  constructed  below  the  incinerating  chamber.  It 
is  composed  of  a  system  of  pipes,  tubes  and  flues,  so  arranged 
that  ijiose  conducting  the  products  of  combustion  from  the 
chamber  warm  those  which  introduce  and  conduct  the  cold  air, 
thus  heating  the  cold  air  before  its  admission  to  the  chamber. 
This  hot  air  intensifies  the  heat  from  the  burners,  and  accelerates 
the  whole  operation  of  reducing  the  body  to  whU«  ash.    Several 
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&mpers  enable  the  heat  of  the  chamber  to  be  r^nlated  to  a 
nice^,  and  {ttevent  tJie  conaumptioa  of  more  gas  fuel  tihan  is 
actually  necessaiy.  The  gaa-bomeiB  are  a  aeries  of  copper 
candles,  with  Bonsen  bnmen  in  the  bottom,  mounted  on  a  gas 
chamber.  The  upper  part  of  these  copper  caadl^  is  completed 
hy  an  iron  tap  behind  the  chamber. 

The  introducer  is  a  mechanical  apparatus  for  introducing  the 
coffin  into  the  incinerating  chamb^  and  lemoving  the  ashea 
theiefiom. 

A  pQot  fire  is  necessary  at  the  base  of  the  chimney  for 
creating  a  draught 

4.  Q-emation  hy  Oil. — This  method  of  indneration  is  in  use 
at  the  Gardner  Kul  Memorial  Crematorium,  situate  at  Troy, 
Kew  York  State.  A  tank,  with  a  capacity  of  600  gallons  of 
kerosene  oil,  is  placed  outside  the  building,  and  the  oil  is  con- 
ducted to  the  retorts  through  pipes,  a  pressure  of  ten  pounds  of  air 
making  the  flow  constant.  The  oil  thus  forced  through  the  pipes 
enters  a  burner  placed  within  a  chamber,  18  inches  square,  in  the 
rear  of  each  retort  Mixing  with  air,  it  forms  a  gas,  and  when 
burning  produces  an  intense  heat,  especially  when  combined 
with  the  natural  gases  produced  in  the  retert  Air  &om  a  tube 
passes  over  the  burning  oil  and  the  gas  is  ftiiced  into  the  ret«rt, 
where  it  is  met  by  air  coming  in  through  three  flues,  eadi  of 
6  inches  diameter.  The  burning  gases  pass  directly  over  and 
around  the  body,  thence  under  the  fire-lHick  bed  of  the  retort, 
and  finally  to  the  chimney,  where  a  second  burner,  giving  forth 
a  heat  nearly  as  intense,  causes  the  absolute  destruction  of  all 
remaining  gases.  The  generation  of  this  heat  to  an  approximate 
temperature  of  2000°  Fahr.  is  extremely  rapid.  The  entire 
process  lasts  two  hours,  and  about  twenty-fire  gallons  of  dl 
are  consumed  during  incineration. 

For  further  details  as  to  cremation  generally,  the  Cremation 
Act,  1902,  and  cremation  statistics,  the  Members  are  referred 
to  'Cremation  in  Manchester  and  Elsewhere,'  by  J.  Harvey 


DISCUSSIOK 

Mr.  A.  D.  Gbxatosex  :  I  have  pleasure  in  proposing  a  vote 
of  thanks  to  Mr,  Harvey  Simpson  for  a  paper  which  will  be  a 
very  valoable  addition  to  our  Proceedings.    If  at  any  time  any 
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of  US  have  to  report  to  onr  cooncila  on  the  subject  of  crematton, 
we  shall  have  tiua  paper  as  a  referencQ  and  know  vhere  to  get 
information  on  die  subject, 

Mr.  W.  Joins :  I  have  pleasure  in  seconding  the  rote  of 
(hanks. 

Mr.  A.  J.  PbioB  :  There  aie,  no  doubt,  in  tobhj  parts  of  the 
oountr7  water  supplies  which  are  veiy  largely  contaminated  by 
percolations  &Dm  graveyards.  I  was,  some  years  ago,  in  a  town 
in  the  south  of  England,  part  of  whose  wat«r  supply  is  drawn 
from  wells  close  to  a  cemetery,  and  a  town  councillor  described 
this  in  terms  which  I  would  not  like  to  use  in  this  meeting.  He 
said  bones  were  rotting  in  the  graveysid,  and  pollution  from  them 
was  getting  into  the  wells.  There  is  no  doubt  that  he  was  al- 
tc^ther  wrong,  as  the  flow  of  the  water  was  in  the  other  direction 
and  there  was  little  or  no  danger  of  pdlution.  At  the  same  time, 
the  town  had  to  call  in  experts  to  allay  the  alarm  created 
by  the  speech,  and  were  put  to  a  good  deal  of  expense.  On 
practical  grounds  there  may  not  be  mndi  objection  to  cremation, 
though,  of  course,  there  is  the  difKculty  as  to  cases  of  poisoning. 
The  chief  objection  is,  however,  a  sentimental  one.  On  sanitary 
grounds  we  are  all  in  fiivonr  of  it. 

Mr.  Hjlbvet  SmPBON,  in  reply :  First  of  all,  I  must  thank 
the  Association  for  their  kindness  in  allowing  me  to  give  a  paper 
upon  this  subject.  The  paper  is  very  short,  but  I  intended  to 
offer  a  few  practical  particulars  to  include  in  your  minutes  and 
be  available  for  reference.  There  are  four  methods  of  heat- 
ing the  furnace :  electricity  (which  has  not  yet  been  tried,  but 
ought  to  be  the  thing  of  the  future),  coal,  gas,  and  oiL  I  should 
saj  that  oil  is  the  cheapest  of  the  four. 

Tha  Membert  aert  entirtained  to  hmckam,  Mr.  TwiAuU, 
Chairman  of  tke  Dutriat  Covmoil,  pnaiding. 

The  afternoon  toaa  demoted  to  vieitt  to  th*  crematorium,  where 
the  eremoHon  of  a  body  took  place,  the  destructor  and  conffrete-flag 
making  works,  the  seweroffe  works,  Charlton  outfall  works,  Bagviey 
lanatorium,  amd  the  Marie  Louise  Gardens,  Palatine  Boad, 

On  thnr  return  to  ^  Town  Sail  the  Mewl>ert  were  enteriaintd 
totea. 


DigizedbyGOOgle 


YORKSHIRE  DISTRICT  MEETING  AT 
CLECKHEATON. 

March  18,  190G. 

ffeld  in  the  dmneil  Chamher,  Town  nail,  CUckheaton. 

A.  T.  Davis,  M.  Inbt.  C.K,  PBEsms^rr,  in  Su  Chair. 


Tex  ChKirman  of  the  District  Council  (&&.  ComiciUor  Field, 
J.P.)  received  the  Members,  and  offered  them  a  hearty  welcome 
to  Cieckheaton. 

The  President,  on  behalf  of  the  ABSociation,  thanked  the 
Chairman  for  the  kind  welcome  he  had  given  them. 

The  HoQonoy  District  Secretary  read  the  Minutes  of  the  last 
Difltrict  Meeting  at  York,  which  were  conGrmed  and  signed. 

Mr.  W.  H,  HopMnson  was  unanimously  re-elected  Honorary 
Secretary  for  the  Yorkshire  Dietrict. 

The  following  papers  were  then  read  and  discussed : — 


THE  MUNICIPAL  WORKS  OF  CLECKHEATON. 

By  C.  LUND, 

SimVXYOB  TO  TBS  UfiBAN  DiSTBICT  CODHOIL. 

Ik  its  industrial  aspect,  Cleckheaton  is  probably  unique.  Such 
a  diversity  of  manofocturea  can  hardly  be  carried  on  in  any 
other  English  town  of  seemingly  similar  importance.  Gleck- 
beaton's  public  enterprise  is  the  sontce  of  ite  ecoaomic  fvos- 
peiity,  and  it  is  necessary  h^re  to  lay  some  little  stress  on 
the  existence  of  large  and  thriving  textile  mills  and  of  works 
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devoted  to  wire-draviog,  card-clothing,  clieinicals,  leather,  and 
engmeering,  in  many  various  branches  of  each  Izade.  The  rise 
of  theee  industries  haa  been  contemporaneoua  with  the  growth 
of  the  factors  by  which  we  ore  wont  to  measure  a.  municipality ; 
and  that  the  growth  of  deokheaton  has  been  gradual  and 
consistent,  a  few  statistics  will  suffice  to  show.  If  the  year 
1861  be  taken  as  a  starting  point,  it  will  be  possible  to  measure 
with  some  accuracy  the  developments  that  hare  accnied  since 
the  formation  of  the  first  Local  Board  in  1863. 

In  the  first  year  of  that  decade  the  population  was  about 
one  half  and  the  rateable  value  not  much  more  than  a  quarter 
of  those  now  recorded.    Here  follow  the  official  statistics : 


1861 6,ZS1 £\6, 

len 8,188  „    ; 

1681     10,668 


In  the  first  fbrty  years,  it  will  be  seen  that  the  population 
doubled,  while  the  rateable  value  trebled.  Between  1891  and 
1901,  while  the  population  increased  6  per  cent.,  the  value 
improved  50  per  cent.,  and  during  the  three  years  following  a 
similar  growth  in  material  prosperity  is  to  be  observed. 

With  these  facts  in  support,  the  local  administration  is 
completely  justified  in  maldng  adequate  preparations  for  the 
enlarged  requirements  that  are  plainly  destined  to  com& 

The  area  over  which  the  urban  district  council  has  charge 
covers  1755  acres,  and  ranges  &om  240  feet  to  660  feet  above 
O.D. 

More  than  14  miles  of  roads  and  streets  traverse  the  district, 
certain  lengths  being  subject  to  peculiarly  heavy  traffic.  Some 
6|  miles  are  main  roads.  The  county  council  pay  to  the 
district  coundl  the  whole  of  the  actual  expenditure  on  main- 
tenance plus  5  per  cent,  for  establishment  charges,  the  average 
annual  expenditure  being  336^.  per  mile. 

The  otiier  roads  of  the  township  are  maintained  at  the  rata 
of  about  175/.  per  mile  per  annum. 

The  cost  of  watering  averages  about  601.  per  annum. 

The  materials  used  on  the  roads  are  Leicester  granite  and 
Low  Moor  droea. 
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The  tramvaya  of  the  Britiiih  Electric  Tractioti  Company 
(heavy  woollen  district)  conneot  Cleckheaton  mth  Bevaboiy 
and  vriQi  the  istennediste  townships  of  the  Spen  Yalley.  At 
the  1^-passes  upon  tlie  tram  route  and  in  the  narrower  maigios 
left  by  the  rails  recourse  has  been  bad  to  granite  sett^  £rom  &e 
Tstehede  quameB  of  Messrs.  Brookes,  Ltd.,  in  Korway.  The 
Iiaid  York  non-fllip  artificial  flags  made  by  the  same  firm  have 
ieea  used  in  copjunction  with  natnral  stone  for  footpatlis. 

The  town  hall  with  mnnicipal  offices  has  set  sometiiing  of 
an  example  to  those  building  in  Cleckheaton  for  private  pur- 
poses. It  was  erected  at  a  cost  of  17,000/.  under  the  supervision 
of  Messrs.  Mawson  and  Hudson,  Architects,  Bradford. 

Low  pressure  hot  water  affoids  heat,  and  electricity  gives 
light  throughout  the  premises.  In  addition  to  the  large  hall  of 
90  by  35  by  34  feet  h^h,  which  accommodates  comfortably  1000 
people,  there  are  a  council  chamber,  committee  room  and  ante- 
room on  the  first  floor.  On  the  ground  floor  are  the  offices  of 
the  officiala  of  the  oouncil,  curator's  rooms,  and  in  the  basement 
are  the  plumbers'  workshops  and  stores  of  the  gas  and  water 
departments. 

The  public  bathswere  provided  in  1889  at  a  cost  of  6,000^,and 
were  erected  onder  the  joint  supervision  of  Messrs.  B.  CasUe 
and  W.  HowOTth,  Architects,  Cleckheaton ;  th«7  ministw  to  a 
distinct  want,  and  they  are,  doubtless,  worth  more  to  the  com- 
munity than  their  direct  cost.  The  avert^  expenditure  per 
annum  ia  350/.,  and  tiie  receipts  are  some  170/. 

The  accommodatioa  provided  is  as  follows :  one  plut^e-bath, 
60  feet  by  21  feet,  &om  4  feet  to  7  feet  deep;  one  plunge-bath, 
30  feet  by  15  feet,  fivm  18  to  43  inches  in  depth ;  thirteen 
slipper  baths ;  eight  vapour  baths ;  and  first-class  Turkish  and 
Bussian  bath.    The  partitions  are  of  pitch  pine. 

A  singulari^  about  the  water  in  nse  at  these  baths  is  that 
it  is  pumped  from  old  coal  workings,  and  after  filtration  the 
water  in  the  baths  is  seen  to  be  of  a  beautifol  transparency,  and 
blue  rather  than  yellow  in  tone.  In  nature  the  water  is  heavily 
charged  with  oxide  of  iron,  &om  which  it  is  freed  by  upward 
filtration  through  a  layer  of  foundry  dross  and  breeze  &om 
coking  ovens. 

The  water  is  lifted  by  means  of  two  Bailey's  AqnarThrusters ; 
some  50,000  gallons  are  required  to  fill  ^e  two  swinuning- 
baths ;  this  is  pumped  and  warmed  at  a  cost  of  9«.  or  one  ton  of 
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coaL  A  Lancashire  boiler,  16  feet  by  5  feet  6  inches  with  one 
fire-box,  raises  the  necessary  power  and  is  workable  np  to  50  lb. 
preBBure.  In  ordinary  practice  a  preesiue  of  10  lb.  to  15  lb.  of 
ateam  aofSces  for  pumping  and  wanning,  and  for  the  operation 
of  the  steam  laundry  and  f<ur  bath  purposes. 

In  the  laundry  are  a  rotary  washing-machine  and  a  wringer, 
by  Sommerscales,  which  are  actuated  by  a  4  borae-power  steam 
engine.  A  very  efKoient  Broadbent's  hydio-extractor  ia  driven 
by  direct  coapling,  and  a  dryii^;-ohamber,  with  sliding-horses 
and  the  necessary  fittings  ore  by  Messrs.  Bradford,  of  Man- 


The  pablio  are  allowed  the  use  of  the  laondry  at  the  rate  of 
4d.  per  hour. 

The  stables  and  fire  brigade  were  erected  in  1890  at  a  coet 
of  3,0007.,  and  are  situated  in  Bradford  Boad.  Eight  horsea  are 
kept,  the  coundl  doing  most  of  ita  work  direct  The  Author 
has  been  aaked  to  inqoire  into  the  merits  of  motor  traction  for 
municipal  work  with  a  view  to  a  report  being  drawn  op  and 
presented  to  the  council  at  an  early  date,  and  he  would  be 
obliged  if  any  of  t^e  Members  present  who  have  had  experience 
of  thia  subject  would  fumiah  him  with  tbeir  views  thereon. 

The  fire  brigade  is  a  Tolimteer  body  under  the  captaincy  of 
Mr.  Edward  Mitchell,  and  consists  of  one  superintendent,  one 
foreman,  and  twelve  men.  It  is  equipped  witli  large  and  light 
bose-cart«  and  coUapait^  ladders.  A  horse  ambulance  pre- 
sented to  the  town  in  1897  1^  the  late  Alderman  Arthnr 
Anderton  is  also  housed  here. 

A  hose  tower  crowns  the  fire  station,  where  is  the  residence 
of  the  superintendent,  as  well  as  the  public  mortuary,  which 
has  been  constructed  as  an  addition  by  the  Author.  The 
interior  walla  are  of  white  glazed  bricks  and  the  exterior  of 
delpbatone. 

Water  ia  arranged  for  by  purchase  in  bulk  from  the  adjacent 
city  of  Bradford.    . 

A  smu  of  17,0007.  raised  to  purchase  distribnting  plant  has 
been  wholly  repaid,  and  in  respect  of  ita  freedom  &om  anxiety 
over  water  undertakings  the  town  is,  the  Author  thinks,  to  be 
congratulated. 

Water  for  domestic  purposes  is  supplied  at  charges  varying 
with  the  rateable  value  of  the  consumers'  premiaes.  Specimen 
chafes  are — 
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t    t.  d. 

B»teible  nhu  Dot  essMdlng  £3 0    7  8 

„  „  10 0  IS  0 

21 1    S  8 

„  »  GO 2  11  4 

Water  for  one  bath  and  one  water  closet  is  supplied  with  no 
extra  cliarga.  TJseiB  for  trade  pnrpoBee  are  choiiged  lli2.  per 
1000  gallone,  less  discount  at  5  per  cent  if  paid  within  one 
month  of  demand. 

FreTious  to  1898,  when  the  Author  was  appointed,  16,0001. 
had  been  already  spent  in  re-Bewering  the  district  under  the 
direction  ef  James  C.  Haller,  Esq.,  C.K,  of  Dewsbnry.  Since 
then  7,800f.  haa  been  expended,  and  an  application  for  a  fnither 
snin  of  1,0002.  is  now  before  the  Local  GtoTemment  Board, 
which  will  complete  the  aewers  of  the  Cleckheaton  and  Soholea 
wards. 

The  whole  of  the  sewage  &om  Cleckheaton  ward  ia  con- 
nected to  the  Liversedge  Tmnk  Sewer,  and  is  treated  by 
tliat  anthoiity,  under  agreement,  for  the  sum  of  900/.  per 
annum. 

The  sewage  &om  Scboles  ward  is  treated  on  aboat  10  acres 
of  pasture  land  by  broad  irrigation,  and  that  from  Oakenshav 
by  precipitation  with  aluminofertio,  the  effluent  then  being 
passed  orer  a  bed  of  clinker  from  the  destructor.  The  effluent 
&om  both  these  works  is  gmeraUy  approved  by  the  Sivers 
Board. 

The  most  important  addition  in  recent  times  to  the  roadways 
of  the  district  is  that  connecting  Whitcliffe  and  Whiteohapel 
roads.  This  road  is  500  yards  long  by  36  feet  wide,  the  balk  of 
the  land  required  being  given  by  the  Low  Moor  Company.  Hie 
total  cost  is  2,1362. 

Whitechapel  road  ftom  its  junction  with  Bradford  road  to 
Scboles  has  been  straightened  and  widened  to  a  uniform  width 
of  36  feet,  the  Author's  estimate  of  this  improvement  being 
60002.  !IYees  are  planted  at  intervals  along  the  kerb  line,  and 
a  virtually  new  district  has  been  opened  out,  besides  giving 
better  facilities  for  reaching  Uie  new  cemetery  which  lies 
between  Whitechapel  road  and  the  Leeds  and  Whitehall  main 
road. 

A  borial  ground  (controlled  by  trustees  who  have  been  ap- 
pointed by  variona  religious  bodies)  nearing  repletion  the  coun^ 
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decided  to  provide  B  stiitable  site,  and  acquired  16  acrea  of  land 
for  that  purpose.  The  Author  was  inatructed  to  prepare  plane, 
etc.  for  aubmissioa  to  the  Local  OoTemment  Board,  when,  after 
due  iuqoiiy,  a  sum  of  7,100Z.  was  sanctioned,  and  the  work 
carried  out. 

A  low  deatii-rat«  militates  against  the  prospect  of  immediate 
profit  from  the  cemetery.  For  the  yearn  1900-^  the  average  rate 
per  1000  per  annum  was  14'48 ;  in  1903  the  rate  of  mortality 
feU  to  12-88. 

A  mortuary  chapel  has  been  erected  in  a  semi-Grothio  style 
of  architecture,  which  to  the  Author's  gratification  has  oom> 
mended  itself  to  church  and  chapel  goers  alike.  Cathedral 
tinted  windows  admit  ample  light,  and  the  king  post  roof,  the 
pews,  lectern,  and  all  internal  fittings,  are  of  pitch  pine. 

Heating  is  aocompliahed  from  the  basement,  the  system 
being  the  low  pressure  hot  water. 

A  veetry  with  lavatory  accommodation  is  at  the  north  end  of 
the  building.  A  mcntuary  is  also  provided,  and  on  the  east  or 
opposite  side  a  similar  building  is  fitted  as  a  waiting  room  for 
the  convenience  of  mourners  in  bad  weather. 

^ere  is  also  a  house  provided  for  tbe  registrar,  and  an 
office. 

The  contractors  for  the  various  trades  and  the  amount  of 
their  contracts  are  as  follows : 


A.D»ke 

HoKm       

..      1470  12    7 

B.Bodgan      

Joiner       

..        483    0    0 

B.  Brangtitaii 

Fhrterer 

83  10    0 

F.  Knowbi      

2U  10    0 

B.  Nutter  ud  Son..     .. 

Pwntar    

SB    6    e 

BobiiiMBNtdGiowtbH.. 

Skttt      

..         130    0    0 

n             »                ■• 

Bonnduy  nib 

..      1258    9    7 

J.  Hint 

BaiUondgMM      .. 

140  10    0 

£SS06  18    8 

Boad  making,  drainage,  laying  out  and  planting  were  carried 
out  by  direct  labour. 

At  the  northern  extremity  of  the  burial  ground  a  temporary 
iron  structure  has  been  erected  as  a  smallpox  isolation  hospitaL 

Another  hospital  within  the  Cleckheaton  area  has  been 
provided  and  equipped  «t  a  cost  exceeding  10,000!.  to  serve  the 
united  districts  of  Cleckheaton,  Hunswor^,  North  Sierley  and 
Tong  (the  two  lattw  being  now  part  of  the  city  of  Bradford) 
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created  tuider  the  Provisional  Orders  ConfirmaUon  Act  of  the 
Local  GoTenuDent  Board  (1888). 

Attention  to  pnblic  health  ia  diBpla7ed  in  soma  sort  by  the 
proviaion  of  three  recreation  giounda  at  West  End,  Moor  End, 
and  Scholea  of  approximately  5  acres,  8  acres,  and  3  acres  respec- 
tively. 

Li  addition  there  exist  several  small  open  spaces,  and  the 
feast  field  in  which  two  feasts  are  held,  one  in  the  spring,  and 
the  other  in  the  aatonm, 

A  small  market  is  held  every  Saturday ;  the  Aatboi  has  a 
scheme  in  hand  for  improving  and  extending  this,  which, 
when  completed,  will,  he  hopes,  improve  the  appearance  of  the 
centre  of  the  town. 

The  Private  Streets  Works  Act,  1892,  has  been  adopted,  and 
a  few  streets  mode  np,  but  much  remains  to  be  to  done,  and  as 
time  permits  this  will  be  nndertak^L 

ElXCTBICITT  ASD  DESTBUOTOa  WOBEB. 

The  combined  works  were  opened  on  Novmnber  21,  1902, 
and  were  erected  under  the  supervision  of  the  Author ;  the 
electrical  equipment  being  under  Messrs,  Gibbinga  and  Baker,  of 
Bradford  and  London. 

The  amounts  borrowed  were  as  follows ; 

ApfUvOfon  A 
Clkxhutov  ITbbav  DtsrsifrF  Comroni. 
SAedaU  of  Fktil  and  XaUrial  to  he  iiuliidai  in  Iht  Apptieatlm  to  &t  LoaH 
OoventmeiU  Board  for  Borroairy  FoioenloaUain  Loom  for  EtteMe  JUghtiitg 
and  SVoelwit  smrpMH. 

£      >.   ±        £      ,.  d. 

Uud      238?    0    0 

Boildtaf*-  2,297    0    0 

NewbnlldingBkndeooiHHiiiMTlionw  ..     ..    2990    0    0 

Ohtmney 1000    0    0 

Bo*d  nukiDg,  Mweriug  and  water  mains    ..     1000    0    0 
BetaiulDg  walli  and.boimdur  walla  fm  land      419    0    0 

Weigh  honae <IS    0    0 

Bbed  for    murtar   mill,  aluDe-bmakei    Mid 

iihM^aftilatng  ^Bot  ■.         fiff      0      0 

a,5M    0    0 

Uaohtner? — 

HlDgtne  and  dToanw  «ett  (S— 150  Ulowatta)  4600  0  0 

Bo11bt8(2] 800  0  0 

BoouoniiMi       860  0  0 

Condenter,  Inolndiiig  motor  and  pnmpa      ..  600  0  0 

TnTelliDsoraM      150  0  0 
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Bwitohboudi SfiO    0    0 

Dwtraotor  odU        2900    0    0 

Feed-mterUnlc      100    0    0 

AiEdliuj  tank 29    0    0 

BtMBi  utd  ezliBtuI  pipaB,  liMdnding  nlnt  .400    0    0 

Weighing  maohine ..  80    0    0 

MortumiU      80    0    0 

Stoue-brMiuc 40    0    0 

UMwluiumg  plkDt       80    0    0 

8,045 

Aoanmalaton — inoliiding  imUm  and  twltoh- 

baud      lOliO    0    0 

Maini—  l.BSO 

Peedor  o&Ufl  (Ush&ig} 1000    0    0 

„         (tnothn) 1500    0    0 

DirtTllmtar<nbla ITSO    0    0 

4,180 

TMubiman,  motoii^  eta. — 

Motor  to  diiTB  m 


Heten 

Other  itenw — 
PiaCeHkmal  vfaaigM 


Total £25,000    0    0 

Mmhi  Onmnu  *  Bakui 

Omamfora  Euctdoai.  bnnnnt, 

BuBioiD  tav  Lamm. 

The  bnildingB  may  be  briefly  described  as  being  bnilt  of 
red  brick  -with  Btone  feoings ;  the  loofs  of  the  boiler-hottse  and 
engine-room  have  iron  principals,  boarded  and  slated  with 
Welsh  slates. 

The  destmctor  installation  is  by  Messrs.  Meldram  Bros. 
Ltd.,  of  Manchester,  and  is  known  as  the  "  Simplex  B^enera- 
tive  System."  To  each  boiler  is  attached  a  furnace  12  feet  by 
6  feet  2  inches,  lined  with  firebrick,  having  two  door  openings 
S  feet  wide  by  1  foot  9  inches  high,  a  bridge  18  inches  thick, 
18  inches  high,  and  a  combustion  chamber  at  back  of  bridge 
8  feet  long  by  3  feet  wide  and  8  feet  6  inches  high ;  the  whole 
covered  by  a  9-inch  firebrick  aich,  sprung  &om  cast-iron  skew 
backs,  in  order  that  the  side  walls  may  be  repaired  without 
interfering  with  the  arch.  This  is  again  covered  with  a  9-inch 
red  brick  arch  with  a  3-inch  air  apace  between  the  red  and  fire- 
brick.  Hie  giates  aie  constructed  in  two  lengths  of  interlocking 
firebars,  2  feet  9  inches  long,  with  a  space  between  of  |  inch, 
rising  3  iochra  at  the  back ;  the  dead  plates  at  the  back  of  the 
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grates  are  12  inches  wide,  and  end  dead  plates  6  inches  wide ; 
a  tee-piece  reatiag  on  a  division  wall  divides  the  ashpit  into  two 
parts  or  grates ;  the  air  supply  to  each  grate  of  the  furnace  is 
supplied  by  two  steam  jet  blowers  of  the  well-known  "  Meldrum  " 
i^pe,  fixed  to  the  front  of  die  cast-iron  upright  air>boxes,  drawing 
hot  air  ftom  the  r^enerator;  this  arrangement  of  blowers 
renders  the  forced  draught  silent.  It  will  be  seen  that  with 
such  a  combination  an  evenly  high  temperature  can  be  main- 
tained by  careful  and  systematic  firing,  one  grat«  being  charged 
while  the  other  is  in  an  ineandescent  state.  Thus  the  gases 
&om  the  fresh  charge  mingle  with  the  gases  from  the  incandescent 
fire  and  become  innocuous.  The  gases  &om  the  furnace  pass 
over  the  bridge  into  the  combustion  chamber  (the  dust  aetljing 
there)  through  the  boiler,  back  underneath,  returning  along  the 
side  flues,  and  then  to  and  through  the  regenerator  tubes.  The 
gases  in  the  combustion  chamber  have  a  temperature  varying 
from  1400°  to  2000°  F.,  sufficiently  high  to  render  all  gases 
harmless  and  inoffensive.  The  air  t«quired  for  combustion  is 
heated  to  between  300°  and  350°,  which  is  found  of  manifest 
advantage  for  such  material  as  midden  refuse,  containii^a  large 
percentage  of  moisture. 

The  refuse  is  brought  to  the  works  in  carts,  up  an  inclined 
approach,  and  is  tipped  into  hoppers  having  a  capacity  of 
20  tons,  measuring  23  feet  by  5  feet  by  8  feet  high. 

The  destructor  boilers  are  26  feet  long  and  7  feet  in  diameter ; 
two  ooal-fed  Lancashire  boilers  30  feet  by  8  feet  are  also  housed 
here ;  the  accommodation  provided  in  addition  to  the  engine 
room  being  the  electrical  engineer's  office,  meter  room,  work- 
shop, battery  room,  pump  room,  with  the  usual  lavatory  accom- 
modation ;  the  chimney  is  150  feet  high  and  8  faet  internal 
diameter. 

The  contractors  for  the  various  trades  and  the  amount  of 
their  contracts  are  as  follows : 

£      (.  A 

Bobinaon  and  Growthai      Ha«on  and  brioklajer       ..       3SS9    0    U 

H  „  Plutaisi  and  oonoretor     ..        2S9  19    0 

BUter 18%    0    0 

J.  BitrnhillftndSoiu..      JoiiKC 287  10    0 

F.Knowlea Plnmbei       ..      81  10    0 

NntteiandSon  .,      ..       Painter        36    0    0 

CTonandORiM..      ..       Iron  roof      S32    0    0 

U«ldinni  Broa.,  Ltd.  ..       Destructor,   boiler   aatting, 
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Road  making  and  draioage  were  carried  out  by  direct  labour. 

Mr.  Albert  Picker^ill,  the  electrical  engineer  to  the  Council, 
having  kindly  promised  to  give  a  paper  describing  the  electiical 
equipment,  working  cost,  etc.,  the  Author  does  not  porpose 
making  any  further  rererence  to  the  works. 


Gas  Works. 

Mr.  Geoi;ge  Niven,  the  gas  engineer  to  the  Conncil,  has 
kindly  furnished  the  Author  with  the  following  particulars. 

The  purchase  of  the  gaa  works  was  complet«d  in  1870  from 
the  Cleckheaton  Gas  Company,  at  a  cost  of  53,000/.,  the  make 
of  gas  at  that  time  being  about  30,000,000  cubic  feet  per  annum. 
Since  the  date  of  purchase,  considerable  extensions  and  altera- 
tions have  been  made  to  the  works  and  plant,  to  meet  the 
growing  demands  of  the  district,  as  at  the  close  of  last  year  Uie 
make  of  gas  was  105,000,000  cubic  feet ;  tiiese  alterations  and 
additions  cost  about  12,000/.,  but  owing  to  the  rapid  develop- 
ments which  have  talccn  place  in  the  use  of  gas  for  tempering 
wire  and  other  purposes,  the  profits  of  the  department  have 
been  such  as  to  enable  the  Gas  Committee  to  pay  ofif  a  large 
amount  of  the  original  capital ;  and  instead  of  that  item  appear- 
ing on  the  yearly  balance  sheet  as  53,000/.,  it  now  only  stands 
at  29,100i.,  although  the  price  of  gas  has  been  lowered  from 
4s.  Gd.  per  thousand  to  2s.  8d.,  with  discounts  ranging  from  10 
to  15  per  cent. 

Cleckheaton  ward  is  lighted  by  about  350  public  gas  lights 
and  three  electric  arc  lights.  Ihe  coat  of  public  lighting  in  gas 
alone  is  about  600/.,  but  no  charge  is  made  upon  the  ratepayers. 
The  illuminating  power  required  by  the  Act  is  14-candle,  but 
17}-candle  gas  is  supplied. 

The  number  of  consumers  is  3000 ;  the  number  of  slot 
meters  1100 ;  the  number  of  gas  stoves  and  cookers  250. 

Mr.  Councillor  Thornton  is  chairman  of  both  the  gaa  and 
water  undertakings. 

The  following  is  a  brief  description  of  the  works. 

The  retort  house  contains  five  through  arches,  20  feet  through, 
and  each  arch  contains  eight  retorts,  D-shaped,  22  inches  by 
15  inches  by  20  feet  The  retorts  are  heated  regenaratively ; 
the  settings  are  known  as  the  semi-deep ;  each  bed  or  arch  is 
capable  of  producing  on  the  average  when  fully  employed  fitom 
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120,000  to  125,000  feet  of  gas  per  diem,  with  a  miuininm  of 
coke,  say  11  lb.  of  coke  per  100  lb.  coal  carbooiaed.  The 
carboDifiiDg  plant  is  equal  to  600,000  feet  per  diem. 

The  condensera  consist  of  sis  annular  tubes,  30  feet  high, 
and  of  such  capacity  as  to  enable  the  gas  to  be  cooled  below 
the  temperature  of  the  abnoepbere  if  required,  and  are  arranged 
in  duplicate. 

The  scmbbii^  plant  consists  of  two  tower  Bcnibbers,  each 
30  feet  high,  through  which  ammoniacal  liquor  is  pumped  in 
the  required  quantities. 

The  washer  is  by  Holmes  and  Co.,  of  Huddeisfield,  and  is  a 
very  ef&cient  machine,  being  capable  of  deaUug  with  800,000 
cnbic  feet  per  diem. 

The  exhausters  are  two  in  number,  with  engines  comtdned, 
made  by  Geo.  Waller  and  C3o.,  on  the  triple-blade  principle, 
and  are  capable  of  exhausting  30,000  feet  per  hour  each,  or  a 
total  of  60,000  feet  per  hour. 

The  purifiers  are  six  in  number,  witii  dimensions  as  follows : 
Four  oxide  boxes,  25  feet  by  15  feet  and  6  feet  deep ;  two  lime 
boxes,  14  feet  by  14  feet  by  5  fset  deep. 

The  station  meter  is  of  the  rotary  type,  and  was  the  first  of 
its  kind  fixed  as  a  station  recorder.  It  was  made  by  the  Botary 
Meter  Syndicate,  ctf  Maucbester,  and  hss  proved  itself  to  be  a 
most  excellent  and  reliable  machine. 

The  gas-holders  are  two  in  number,  No.  1,  known  as  the 
works  holder,  has  a  capacity  of  250,000  cubic  feet  No.  2,  or 
storage  holder,  which  is  fixed  a  Kttle  over  a  mile  from  the 
works,  has  a  capacity  of  500,000  cubic  feet,  thus  giving  a  total 
capacity  of  750,000  cubic  feet  The  heaviest  output  on  one  day 
up  to  the  present  is  549,000  cubic  f^et 

In  conclusion,  there  only  remain  a  few  nuacellaneous  facts. 
The  council  is  composed  of  thirteen  members ;  nine  represent 
the  Cleckheaton  ward,  two  members  the  Scholes,  and  two  the 
Oakenshaw  wards.  The  total  number  of  houses  approach  3000, 
and  the  total  rateable  value  is  put  at  some  21  per  cent  below 
that  of  the  gross  estimated  rental.  The  death-rate  from  zymotic 
diseases  in  the  last  year  recorded  was  the  low  one  of  0  *  93  per 
1000,  while  infantile  mortality  returns  indicate  that  the  per- 
centage of  deaths  at  age  less  than  one  year  was  only  11*82  of 
the  total  of  registered  births.    DifTerential  rating  disoriminat«s 
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in  fsTonr  of  the  Oftkenshaw  ward,  in  which  the  general  district 
rate  is  2a.  6d.  per  £  against  4m.  in  Gleckheaton  and  Schotes 
wards.  Adding  the  poor  and  educational  rate  of  2s.  lOd.,  the 
totals  are  therefore  Ss.  4d.  ia  Oakenshaw  and  6«.  lOd.  in 
Gleckheaton  and  Scholes  wards. 


DISCUSSION. 

Mr.  J.  A.  SiTTLl :  I  hare  very  great  pleasure  in  proposing  a 
Tote  of  thanks  to  Mr.  Liiud  for  the  paper  he  has  given  ns,  and 
the  great  trouble  he  has  been  to  in  connectioQ  with  this  meeting. 
I  should  like  to  have  some  information  as  to  the  miles  of  the 
tramways  which  are  worked  in  the  borough,  the  cturent  supplied 
for  traction  purposes,  and  the  car  mileage  worked  per  week  or 
per  aiinnm  by  the  power  from  destructor.  Can  we  have  the 
particulars  of  the  steam  generated  from  the  destructor — how 
much  from  the  destructor,  and  how  much  from  the  Lancashire 
boilers,  and  whether  the  two  are  worked  together,  or  is  the 
steam  from  destructor  furnaces  supplied  to  separate  engine  ? 
Could  Mr.  Lund  give  ns  some  Idea  of  the  cost  of  laying  out  the 
burial  ground,  boUi  as  to  planting  and  draining  T 

Mr.  W.  Welbdbn  :  I  have  very  great  pleasure  in  seccmding 
the  proposition.  I  notice  that  the  public  are  allowed  the  use  of 
the  laundry  at  the  rate  of  4d.  per  hour.  I  would  like  to  ask 
Mr.  Lund  what  the  chai^  includes — does  it  include  the  use  of 
hot  water  and  soap }  Then,  could  Mr.  Lund  give  us  the  return, 
or,  at  any  rate,  the  probable  return  on  the  year's  work  ?  There 
is  nothing  in  the  paper  to  show  whether  it  is  worth  the  while  of 
a  council  to  carry  out  these  works,  whether  they  pay  their  way, 
or  if  there  is  a  deficit.  There  seems  a  tendency  to  provide  every 
sort  of  convenience  for  working  people,  but  we  have  nothing  to 
guide  OS  as  to  whether  such  works  pay  Uteir  way  or  not  The 
provision  of  a  public  laundry  is  engaging  my  attention  at  the 
present  time,  and  information  as  to  whether  they  are  used  or 
not  to  any  extent  by  those  for  whom  they  are  provided  would 
be  very  useful. 

Mr.  J.  £.  Sbarfb  :  I  should  like  to  ask  if  any  trade  efSnent 
is  admitted  to  the  sewers,  and  if  so,  under  what  conditions,  and 
what  is  the  character  of  itu  As  to  street  works,  I  should  like  to 
know  what  kind  of  flagging  is  used. 

Mr.  F.  Massie  :    I   notice  Mr.  Lnnd  says,  "  the  county 
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council  pay  to  tbe  district  coaacil  the  vhole  of  tlie  actual  ex- 
penditure on  main  roads  plus  6  per  cent,  for  establishment 
chai^ea."  I  have  a  case  now  -mth  the  county  conndl  in  which, 
unfcolniDately,  an  aoddent  happened  on  a  main  load  on  a  foggy 
night — a  man  atumhled  over  a  heap  of  road  aciapings.  The 
accident  is  going  to  oost  the  rural  district  council  15/.  to  20/.  to 
settle.  The  county  council  repudiate  aU  liability  &r  the  acci- 
dent. I  mention  this  matter  to  let  the  members  know  that  this 
5  per  cent,  for  establishment  chaises  is  not  going  to  be  all  profit 
to  them.  Some  time  or  other  an  accident  like  this  is  going  to 
happen,  and  then  all  the  profit  disappears.  With  i^ard  to 
motor  traction  for  municipal  work,  I  should  be  glad  of  any  in- 
formation that  could  be  given  by  any  member  present  I  have 
a  very  enthusiaBtio  member  of  my  council  who  wants  a  motor 
to  drive  the  steam  roller  and  to  water  the  roads,  etc.  With 
regard  to  the  ptirchase  of  water  in  bulk  from  the  city  of  Brad- 
ford, we  might  be  told  at  what  price  per  thousand  gallons  it 
is  supplied  to  Cleckheaton,  and  whether  the  town  can  distri- 
bute it  to  consumers  without  any  charge  on  the  rates  at  the  not 
excessive  water  charges  set  out  in  the  paper,  considering  there  is 
no  additional  charge  for  a  water  closet  and  bath.  With  r^;ard  to 
the  sewage  disposal  for  the  Cleckheaton  ward,  I  should  be  very 
interested  to  know  the  population  draining  into  the  Liveraedge 
sewerage  system,  and  the  quantity  of  trade  etSuent,  for  which 
the  snm  of  900/.  per  annum  is  paid. 

Mr.  W.  H.  HoPKiNSON :  With  regard  to  the  supply  of  water 
for  the  bath  from  old  coal  workings  I  should  like  to  have 
the  cost  per  thousand  gallons.  Is  it  as  cheap  as  getting 
the  water  &om  the  Bradford  Corporation  ?  Thete  is  another 
point  in  the  paper,  which  I  think  very  good,  that  is,  the  giving 
of  land  by  the  Low  Moor  Company  for  certain  road  widenings. 
I  think  the  council  of  Cleckheaton  are  to  be  congratulated  in 
finding  landowera  who  are  so  generous  aa  to  give  land  for  road- 
widening  porpoaes.  I  don't  think  you  will  find  many  similar 
cases  in  the  country.  Landowners,  and  particularly  companies, 
usually  want  a  fair  price  for  the  land.  Where  people  can  be 
found  to  give  the  land  required  for  the  widening  of  streets,  I 
think  it  behoves  the  council  to  take  advantage  of  their  gene- 
rosity and  make  the  improvements.  I  thought  that  I  detected, 
in  Mr.  Lund's  paper,  a  rather  doleful  note  about  the  prospect  of 
making  a  profit  out  of  the  cemetery.    Instead  of  being  doleful 
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about  it,  I  think  Mr.  Lund  is  to  be  congratulated  upon  the  lov 
d«ath-rate,  and  if  I  were  in  his  poaition,  I  trould  strive  to  keep 
the  death-rate  as  low  as  possible,  because  I  think  it  is  as  much 
to  his  credit  as  ib  is  to  the  advantage  of  the  town. 

Mr.  A.  M.  FowLEB  :  I  should  like  to  ask  a  question  on  the 
matter  of  trade  effluents — a  subject  already  referred  to.  It  is  a 
very  important  question,  and  one  on  which  the  tiade  of  the 
country  is  somewhat  dependent.  The  more  I  have  considered  this 
question,  the  more  I  am  convinced  that  the  municipal  engineer 
should  give  careful  consideration  and  attention  to  it.  It  is  not 
only  ft  question  of  the  effluent  which  ia  discharged  from  the 
manufactories  into  the  sewers,  and  which  comes  on  to  the  sewi^e 
disposal  works  for  treatment,  but  it  is  the  obtaining  of  the  water 
of  which  that  effluent  forms  a  part  and  its  utilisation  for  pur- 
poses of  public  use.  In  some  of  our  large  towns  the  quantity 
of  effluent  water  is  of  considerable  volume.  In  Manchester 
there  are  something  like  36  million  gallons  a  day  flowing  into  Uie 
Ship  canal.  Mr.  G-ilbert  Fowler,  the  analyst  and  chemist  there, 
told  me  that  the  effluent  water  they  are  now  producing  at  the 
Manchester  sewerf^e  works  is  quite  up  to  the  standard  of  the 
Irwell  and  Mersey  rivers  committee.  Kow,  if  that  be  so,  the 
effluent  water  ia  practically  as  good  as  some  of  the  Thames 
supplies  and  some  of  the  drinking  supplies  in  the  country.  As 
you  know,  some  thirty  years  ago  I  broi^t  forward  the  question 
of  supplying  millowners  with  the  effluent  water  of  sewf^e  works. 
I  have  since  gone  very  fully  into  the  question  of  supplying  this 
water  to  the  millowners  for  condensing  and  manufacturing 
purposes,  and  I  find  that  the  water  could  be  distributed  to  mill- 
owners  at  sometJiing  like  2^.  per  thousand  gallons.  We  are 
men  of  progress,  and  should  have  no  sentimental  objectioDa  when 
the  facts  are  before  us.  The  cost  of  sewage  undertakings  is  a 
very  serious  matter,  and  no  one  is  so  heavily  handicapped  by 
this  as  the  sewf^  engineer.  The  gas  engineer,  the  electric  light 
engineer  and  the  water  engineer  all  get  congratulated  because  of 
the  financial  return  derived  from  their  undertakingfl,  but  the 
sewage  engineer  does  not,  because  there  is  no  possibility  of 
profit.  I  was  reading  the  other  day  the  prospectus  of  Uie 
Johannesburg  Corporation  loan,  and  among  the  works  for  whii^ 
money  was  required,  was  80,0001.  for  sewerage  works,  which 
it  was  said  would  be  self-supporting.  I  doubted  the  accuracy 
of  tbe  statement.    Anyway,  it  would  be  entirely  different  &om 
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onr  experieace  in  thifl  country.  If  we  could  utilise  thia  efflu- 
ent water  and  sell  it  to  the  millowners  at  2^.  per  thousand 
gallons,  it  would  greatly  improve  the  position  of  the  sewer^e 
undertakings  of  our  large  towns.  When  I  was  at  Leeds,  I 
pumped  the  water  there,  taking  every  cost,  for  less  than  2^(2. 
per  thousand  gallons,  aUowing  for  distribution,  and  I  know 
that  I  could  pump  it  and  distribute  it  for  Manchester  at  2^(2. 
per  thousand  gallons.  The  question  of  trade  effiuenta  is  a  serioos 
one.  We  are  the  custodians  of  the  public  funds,  and  have  to 
saf^uard  the  public  health,  and  we  are  not  doing  our  duty  to 
the  community  and  to  the  millowners  if  we  do  not  seek  in  every 
way  to  supply  a  sufficient  quantity  of  water  at  a  reasonable  rate, 
Tou  know  perfectly  well  that  in  a  large  town  you  never  get  a 
water  undertaking  completed  before  you  want  to  supplement 
the  supply.  Take  Manchester  and  the  Thirlmere  supply.  The 
consumers  were  bordering  on  a  water  famine  before  they  got  the 
second  pipe  line  laid.  Yet  they  were  selling  water  to  the 
mannfacturers  for  trade  purposes,  and  the  public  were  almost 
Btarving  for  water.  It  is  our  duty  to  take  a  broad  view  of  this 
question  and  think  of  the  great  benefit  a  cheap  supply  of  water 
would  be  to  the  millownera  and  to  the  community.  I  am  very 
pleased  to  have  been  here  to  mention  this  matter. 

Mr.  S.  S.  Hatwood  :  Mr.  Lund  mentions  in  his  paper  about 
the  paving  of  the  margins  between  the  tramway  track  and  the 
kerb.  I  should  like  to  know  if  all  the  tramways  are  laid  on 
main  roads,  and  what  is  the  greatest  width  he  is  able  to  persuade 
the  county  council  to  pave  in  substitution  for  macadam.  Then 
aa  to  the  destruotor,  Mr.  Lund  gives  no  details  as  to  the  cost  per 
ton  of  burning  the  refuse.  If  he  has  those  figures  they  would 
be  useful,  and  also  the  cost  of  collection.  Mr.  Lund  indudes  in 
his  paper  the  cost  of  a  macadamising  plant.  I  should  like  to 
know  whether  he  has  utilised  the  plant  yet,  and  if  so,  whether 
he  has  any  costs  in  tar  or  labour  per  ton  of  tarred  macadam 
produced. 

The  President  :  First  of  all,  I  should  like  to  say  a  word  or 
two  in  reference  to  the  matter  touched  upon  by  Mr.  Massie — 
the  5  per  cent,  for  establishment  chaises  generally  allowed  by 
county  councils  to  district  councils  for  the  repair  of  main  roads. 
Mr.  Massie  thought  5  per  cent,  was  not  at  all  excessive  when  it 
is  considered  that  it  has  to  cover  extraordinary  expensea  occa- 
siooally,  such  as  compenaatlos  for  accidents  on  the  roads,    I 
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think  it  would  be  aoarcelji^ht  for  county  councils  to  take  that 
into  coDsideratiDn,  because  if  they  did  it  would  be  putting  a  pT»- 
mium  on  caieleaBnesa.  Where  sins  of  commission  take  place  in 
matters  of  road  mainteQanco  we  know  very  well  the  law  steps 
in  and  protects  the  people  who  meet  with  accidents  caused 
tJieieby.  There  is  no  responsibility  in  a  case  of  nonfeasance, 
but  tliere  is  for  misfeasance,  and  if  people  tumble  over  anything 
which  is  left  lying  on  the  roads,  the  authorities  are  liable  to  pay 
for  the  damage  sustained.  Arising  out  of  that  is  another 
matter.  I  think  the  county  council  of  the  West  Hiding  is  very 
generous  in  allowing  the  whole  cost  of  maintenance  of  main  roads. 
I  am  one  of  those  who  beliere  that  the  word  "  towards  "  means 
something  not  quite  the  whole.  I  see  here  the  whole  cost  is 
allowed,  and  therefore  in  this  particular  case  I  do  not  think  it 
would  be  wise  for  this  council  to  ask  for  anything  more  than 
they  are  now  receiving,  especially  as  they  are  allowed  an 
additional  6  per  cent,  for  establishment  charges.  The  snm  of 
60^  per  annum  is  given  as  the  average  cost  of  watering  the 
roads.  I  suppose  that  means  the  whole  cost.  It  is  not  particu- 
larised in  the  paper  as  the  cost  of  watering  the  main  roads ; 
therefore  I  take  it  to  be  the  cost  of  watering  the  district  roads  as 
well.  If  so,  I  do  not  think  it  is  excessive.  It  would  be  some- 
thing like  3/.  per  mile.  I  notice  the  non-slipping  artificial  flag 
ia  used  here,  even  in  the  heart  of  Yorkshire,  where  they  can  get 
the  natural  material.  I  would  like  to  ask  whether  it  is  better, 
not  only  in  the  matter  of  price  but  of  foothold,  than  the  natural 
flag.  I  congratulate  the  town  upon  having  such  a  nice  water  for 
the  baths.  I  had  a  plunge  into  the  soft  water  of  the  Elan,  in 
Birmingham  the  other  day,  and  I  found  it  to  be  about  the  colour 
of  brown  paper.  It  is  a  beautifully  sc^,  and  doubtless  a  good, 
water,  but  it  is  certainly  unattractive  in  colour.  As  to  the  pro- 
vision of  a  public  laundry,  X  should  like  to  know  whether  that 
privil^e  is  appreciated  and  whether  the  people  take  fuU  advan- 
tage of  it.  I  should  also  like  to  know  the  cost  per  thousand 
gallons  of  water  purchased  from  the  Bradford  Corporation.  I 
nodce  from  the  paper  that  Cleckheaton  ward  is  Ughted  by  350 
public  gaa  lights  and  three  electric  arc  lights.  Would  Mr.  Lund 
be  good  enough  to  say  whether,  with  the  gas  lamps,  the  incan- 
descent mantle  is  used,  and  if  so,  whether  he  has  any  figures  as 
to  cost  and  efficiency  ? 

Mr.  C.  Lund,  in  replying  to  the  discussion,  said :  We  borrowed 
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7100/.  for  the  cemetery,  and  have  expended  the  whole  of  it. 
The  site  was  16  acres,  the  land  coet  70/.  per  acre.    The  rest  of 
the  money,  after  deducting  the  amoants  given  in  the  list  of  , 
contractors,  has  been  spent  on  drainage,  road  making,  planting, 
and  laying  out. 

For  the  use  of  the  laundry  we  charge  4d.  per  hour.  That 
includes  hot  water,  and  the  use  of  washing  and  wringing 
machines,  and  a  mechanical  drier.  The  privilege  is  not  sppie- 
elated  to  any  extent  by  the  public.  The  laundry  is  cerbiinly 
used,  but  not  to  any  great  extent. 

The  next  question  was,  the  cost  of  pumping  water  for  the 
baths.  If  you  refer  to  the  paper  you  will  find  that  the  two 
swimming  baths  take  50,000  gallons  of  water.  This  is  pumped 
and  heated  at  a  cost  of  9s.  for  the  50,000  gallons. 

As  regards  trade  effluents,  we  take  only  such  as  we  are 
compelled  to  do  by  law,  I  may  say  we  are  very  particular  to 
see  that  they  keep  the  whole  of  the  solid  matter  out.  Tlie 
manufacturers  are  required  to  have  settling  tanks,  and  in  some 
cases  duplicate  tanks.  We  inspect  these  tanks  intermittently. 
The  manufacturers  are  very  good  here  in  keeping  the  solids 
back.    We  have  nothing  to  find  fault  with  in  that  respect. 

In  regard  to  private  street  works,  we  have  not  done  very 
much  in  this  line.  We  have  streets  made  up  both  of  macadam 
and  Yorkshire  setts.  The  narrower  streets  we  have  paved ;  if  they 
are  fairly  wide  we  allow  macadam  to  be  used.  I  don't  believe  in 
that  myself;  I  consider  that  all  private  streets  should  be  paved. 
But,  as  you  know,  I  am  not  the  sole  arbiter  in  this  matter. 

Ab  to  the  5  per  cent,  allowed  by  the  county  council  for 
establishment  chaiges  in  connection  with  the  maintenance  of 
main  roads,  we  have  tools  to  provide  out  of  that,  so  it  is  not  all 
profit. 

The  price  charged  for  water  supplied  by  the  Bradford  Cor- 
poration is  9d.  per  thousand  gallons.  There  is  a  small  profit 
made  on  the  distribution  of  the  water.  X  think  we  compare 
very  favourably  with  other  places  as  to  our  price  for  water, 
especially  when  compared  witfi  towns  which  have  not  dieir  own 
water  supply.  The  mains  in  our  streets  cost  us  nothing,  as  the 
whole  of  the  capital  charges  have  been  paid  off. 

The  population  draining  into  the  Liversedge  sewer  is  between 
9000  and  10,000. 

As  regards  by-laws,  we  have  the  model  by-laws  in  force  in 
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Cleckheatou,  As  yon  know,  the  by-laws  are  difBoult  to  carry 
out  in  their  entirety,  but  we  do  our  best  with  them,  and  on  the 
whole  we  carry  them  out  eatiafactorily. 

Mr.  Haywood  mentioned  the  paving  of  the  maigins,  The 
county  surveyor  has  allowed  us  to  pave  up  to  5  feet,  and  in  the 
case  of  a  part  of  a  road  which  had  no  foundation,  he  allowed  ua 
to  pave  the  whole  of  such  part. 

As  to  the  cost  of  collecting  the  refuse,  I  have  not  the  figures 
with  me.  That  work  is  under  the  sanitary  inspector,  but  if  any 
Member  wishes  the  figorea,  I  wiU  obtain  them  for  him. 

As  to  the  macadamiaii^  plant,  I  have  not  yet  used  it.  It  is 
simply  making  use  of  the  waste  heat  from  the  destmctor.  I 
have  had  some  horizontal  cast-iron  plates  put  over  the  flue  to 
dry  the  stone  on. 

The  cost  of  the  street  watering  is  reasonable.  We  put  a 
good  deal  of  water  on  the  roads,  but  it  is  the  same  water  as  we 
use  for  the  bath,  and  costs  us  nothing  bat  labour  and  pumping. 

With  reference  to  the  use  of  artificial  flags,  I  do  not  think 
they  have  the  same  life  as  the  natural  stone,  but  they  are  more 
easily  cleaned,  have  a  very  good  appearance,  are  free  from  lamina- 
tions, and  are  eho  cheapw. 

The  PfiESlDBNT :  What  price  are  they  ? 

Mr.  LcMD :  4s.  Gd.  per  yard.  They  are  perhaps  &d.  a  yard 
cheaper  than  the  natural  stone. 

The  gas  engineer  will  say  something  about  the  incandescent 
mantles.  The  cost  of  lighting  is  given  in  the  paper.  Personally 
I  am  of  opinion  that  Uie  incandescent  mantles  are  not  a  success 
for  street  lighting ;  there  is  so  much  dam^e  with  them.  They 
are  very  often  going  wrong ;  but  Mr.  Niven  has  much  more 
experience  with  them  than  I  have. 

Mr.  Q,  Niven  :  I  have  made  observation  of  the  life  of  mantles 
in  Cleckheatou.  We  have  only  about  two  dozen  in  the  whole 
town ;  we  have  not  gone  in  for  mEintle  lighting  on  any  large 
scale.  I  suppose  the  reason  that  I  have  not  pushed  mantle 
lighting  in  Cleckheaton,  is  due  to  the  fact  that  we  have  the 
electric  light  works — and  those  electricity  works  have  to  be 
established.  While  I  am  very  proud  to  know  that  in  our 
Mr.  FickersgiU  we  have  a  very  able  engineer,  and  a  gentleman 
with  whom  it  is  very  pleasant  to  get  aloi^  yet  I  dare  to  say  if 
I  were  to  take  to  incandescent  mantle  lighting,  I  should  have 
no  diiHculty  at  aU  in  proving  both  to  my  committee  and  the  rate- 
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payers,  and  to  Mr.  Pickersgill  in  particular,  tliat  I  conld  give  a 
dieaper  and  a  better  light.  How  I  vaot  it  to  be  understood 
among  you  gentlemen  that  the  feeling  in  Cleckheaton  between 
the  officers  is  a  very  pleasant  ona  We  have  the  interests  of  the 
town  at  heart,  and  it  wonld  ill  become  one  officer  to  put  obstacles 
in  the  way  of  the  other,  until  be  got  hia  works  folly  established 
and  making  a  profit.  As  to  the  life  of  the  mantle,  there  is 
something  peculiar.  I  have  a  lamp  with  two  burners  on  the 
new  bank ;  on  the  one  burner  I  have  a  mantle  that  haa  been  on 
eight  months.  On  the  other  burner,  I  have  had  five  mantles 
during  the  eight  months,  and  for  the  life  of  me  I  cannot  tell 
how  it  is  they  go  so  quickly.  I  have  put  screens  in  the  lamp ; 
I  have  turned  the  burner  round ;  changed  the  mantles ;  but  this 
mantle  is  there  and  has  been  there  for  eight  months.  We 
change  the  mantles  on  the  average  about  once  a  month.  In 
mantle  lighting,  we  don't  want  to  make  the  mistake  which  has 
been  made  in  most  towns  of  putting  in  mantles  for  the  ordinary 
lamps.  The  draughting  of  the  lamps  wants  attending  to,  and 
beside  that  you  want  to  have  your  lamps  properly  fixed,  because 
the  vibration  of  heavy  traf&o  has  a  great  deal  to  do  with  the  life 
of  the  mantla  With  careful  manipulation  and  decent  lighters, 
yon  ought  to  get  a  mantle  to  last  at  leaat  a  month  or  six  weeks. 
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CLECKHEATON  ELECTRICITY  AND 
DESTRUCTOR  WORKS. 

By  A,  PICKERSGIIX,  Elsctbical  Emginier. 

Thb  Urban  District  Coancil  obtained  their  provisional  order  in 
1900,  and  afterwards  Messrs.  Gibbons  and  Baker  vera  engaged 
to  draw  up  a  scheme  for  the  supply  of  eneirgy  for  power  and 
lighting  purposes. 

The  scheme  adopted  was  the  three-wire  continuonsMiiuTent 
syetem  with  a  pressure  at  the  consamers'  terminals  of  230  volts, 
and  460  volts  across  the  outers,  the  middle  wire  being  earthed  at 
the  station  throi^h  a  recording  ammeter.  This  system  has  several 
advantages,  one  being  that  the  same  machines  may  be  used  for 
either  lighting  or  traction  purposes,  and  whrai  conjoined  with 
a  motor-generator  one  machine  can  be  made  to  fulfil  both  duties 
(lighting  and  traction)  at  light  loads. 

BuiLDDTOfi. 

These  were  designed  by  the  surveyor,  Mr.  C.  Lund.  It  will 
be  noticed  that  these  buildings  are  essentially  useful  ones ; 
money  has  not  been  wasted  in  giving  extravagant  frontages,  or 
ofSces,  but  on  the  other  hand,  the  buildings  have  been  designed 
to  give  ample  accommodation  for  the  plant  erected  and  also 
readily  lend  themselves  for  easy  extension  should  occasion  arise. 

Boiler  House  Plant. 
The  boiler  house  contains  four  boilers  of  the  Lancashire  type : 
two  are  30  feet  by  8  feet  and  are  fired  by  coal,  and  two  ara 
26  feet  by  7  feet  and  are  fired  by  refuse  being  worked  in  con- 
junction with  a  Meldrum's  Patent  Simplex  Begenerative  Befose 
Destructor.  All  four  boilers  are  designed  to  work  at  a  pressure 
of  180  lb.  per  square  inch,  and  each  is  fitted  with  tiis  usual 
complement  of  safety-valves,  etc. 
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ECONOIUSEE. 

A  Green's  economiser  has  been  inatalled,  consisting  of  192 
pipes,  and  is  capable  of  raising  the  temperatnre  of  the  feedwater 
from  100°  to  280°  Fahr. 

Arrangements  have  been  made  for  adding  a  further  section 
of  96  pipes,  should  this  become  necessary. 


Enoine  Hodse  Plaht, 

The  original  plant  consisted  of  three  Belliss  and  Morcom 
engines,  each  300  I.H.F.,  coupled  to  three  dynamos,  each  of  150 
k.v.,  made  by  Messrs.  Johnson  LundeU, 

A  farther  set  has  recently  been  erected  consisting  of  one 
610  B.H.P.  engine  by  Messrs.  Gourlay  Bros.,  of  Dundee,  coupled 
to  a  350  k.w.  dynamo  made  by  the  PhcKniz  Dynamo  Manu- 
facturing Company,  Bradford.  All  the  dynamos  are  arranged 
to  run  as  shunt  machines  for  lighting  purposes,  giving  current 
at  460  to  520  volts,  and  as  compound  machines  for  traction, 
giving  current  for  the  latter  purpose  at  500  to  650  volts. 

There  is  also  a  motor  balancer  for  assisting  in  the  regulation 
of  the  system,  two  booster  dynamos  for  charging  the  end  cells 
of  the  battery,  and  one  n^ative  track  booster  for  tramway 
purposes. 

Switchboard. 

The  switchboard  was  constructed  and  erected  by  Messrs. 
Dorman  and  Smith,  of  Manchester,  and  consists  of  twenty -three 
panels. 

On  the  extreme  left  there  are  five  traction  feeder  panels,  each 
containing  main  circuit  breaker,  knife  switch,  ammeter  and 
lightning  arrester. 

The  following  panel  contains  all  the  gear  and  inBtruments 
for  working  the  negative  traction  booster.  A  Board  of  Trade 
panel  is  also  fiied,  carrying  all  the  necessary  instruments  required 
for  the  testing  of  the  feeders,  etc. 

A  meter  panel  for  recording  all  energy  leaving  the  works  for 
traction  purposes  has  been  fixed. 

Each  of  the  four  main  dynamo  panels  are  fitted  with  maxi- 
mum and  minimum  circuit  breakers,  three-way  switches  (to 
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enable  the  operator  to  use  aay  machine  for  either  lighting  or 
traction),  one  Still's  patent  shunt  breaking  switch,  field-regulator, 
and  an  ammeter. 

The  balancer  and  booster  panel  ia  fitted  with  maximum, 
circuit  breakers,  starting  switches,  and  the  necessary  field  regula- 
tors, ammeters,  voltmeters,  etc. 

^e  balancer  can  deal  with  an  out-of-balance  current  of  100 
amperes. 

The  booster  output  is  50  amperes  at  10  to  70  volts. 

Two  large  battery  regulatiug  panels  have  been  fixed,  each 
being  connected  to  forty  cells,  one  on  the  positive  and  the  other 
on  the  ne^tive  battery,  the  middle  wires  being  coupled  np 
tbroi^h  two  Aron  wattmeters,  and  afterwards  led  to  the  middle 
■wire  'bus-bar. 

Two  lighting  feeder  panels  are  at  present  in  use,  and  a 
further  three  panels  have  been  provided  for  extensionH. 


Battket. 

The  battery  comprises  270  cells,  made  by  the  Electric  Power 
Storage  Company  and  known  as  F.  11.  t^pe,  capable  of  dis- 
chaiging  at  a  maximum  rate  of  250  amperes  for  one  hour,  or  at 
a  rate  of  50  amperes  for  ten  hours. 

AuxnjAST  Plant. 

This  comprises  one  jet  condenser,  with  an  Edwards'  patent 
air-pump,  one  centrifugal  pump  capable  of  lifting  30,000  gallons 
of  water  per  hour,  and  two  boiler  feed  pumps,  each  having  a 
capacity  of  lOOO  gallons  per  hour. 

All  the  above  are  electrically  driven  by  motors  made  by  the 
Lancaahire  Dynamo  Company,  thus  being  able  to  demonstrate  to 
intending  ccipBumo?  the  reliability  and  different  uses  to  vhich 
electrical  energy  is  adapted. 

Maikb. 
The  whole  of  the  feeders  and  distributing  mains  included  in 
the  original  scheme  were  manufactured  and  laid  by  the  British 
Insulated  Wire  Company,  limited.    These  were  laid  solid,  in 
VDod  troughing  filled  in  with  refined  pitch. 
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All  eztansions  have  been  carried  out  by  aimoured  cables  laid 
direct  in  the  ground  and  protected  by  a  layer  of  bricks. 

The  size  of  the  feeders  is  0-25  by  0-1  by  0-25,  and  the 
distributing  maina  0-0789  by  0-035  by  0-0789. 


Lamp  Conhbctioks. 

At  the  opening  of  the  woiks  on  November  21, 1902,  the 
number  of  consumers  was  aix,  having  a  total  connection  of  530 
8-oandIe  power  lamps,  and  at  the  present  time  the  number  of 
consumers  equals  71,  having  a  connection  equivalent  to  6100 
8-candle  power  lamps. 

The  price  charged  for  lighting  is  &d.  per  unit  less  5  per  cent, 
discount,  and  for  power  as  follows. 

All  charges  for  power  are  based  on  a  minimnm  consump- 
tion of  200  units  per  quarter  per  horse-power  of  demand,  the 
minimnm  quantity  at  2d.  per  unit,  and  all  units  over  the  mini- 
mum at  Id.  per  unit. 

The  following  discounts  will  he  allowed  off  the  account  for 
current  where  the  total  quantity  used  exceeds  the  minitniitn  by 
the  following  percentages  ; — 

tip  to  Kid  inclndlng  minimum      Dlsccnmt  at  tbe  nUe  of  5  p«r  eaat, 

Betveen  minimiiia  and  50  p.&  over  minlmQm,  »  »  ^i      » 

H       SI  p.0.  and  100       „  „  „  „         10       „ 

„      101        „  150        „  B  „  „  18i      „ 

II     IGl       n         vpirudi  „  n         16       « 

The  station  also  supplies  current  to  the  Spen  Valley  Light 
Bailway,  an  agreement  having  been  entered  into  for  this  purpose 
whereby  the  company  agree  to  take  not  less  than  400,000  units 
per  annum,  with  a  fixed  maximnm  demand  not  exceeding  350 
kilowatts. 

The  prices  arranged  under  this  agreement  are  as  follows : — 

For  the  first  400,000  units  l'5d.  per  unit;  for  the  next 
100,000  units  l-4d.  per  unit;  and  all  above  this  amount 
at  l*3rf.  per  unit. 

It  will  tbus  be  seen  that  tbe  council  have  an  assured  income 
of  2500^.  from  this  source  alone. 

In  concluding  this  portion  of  tlie  paper,  the  Author  might 


DigizedbyGOOgle 


160       CLECKHBATOH  ELECTRICITT  AKD  DESTTttJOTOB   WORKS. 

state  that  the  scale  of  charges  to  private  coDSumers  is  under 
consideration  for  revision,  and  it  ia  hoped  that  such  revision  vill 
lead  to  a  considerable  increase  in  the  number  of  couBumara. 


DE8TKDCT0R. 

The  destructor  ia  of  the  vell-known  Meldmm  regenerative 
type,  and  consists  of  two  units,  each  having  its  own  combustion 
chiimber  regenerator  and  Lancashire  boUer.  Each  unit  has  two 
grates,  having  an  area  of  25  square  feet  or  50  feet  in  each  unit. 

The  capacity  of  each  unit  is  20  tons  in  twenty-four  hours:  this 
is  equal  to  burning  37  lb.  per  sqnare  foot  of  giate  per  hour. 
The  &ont  feed  method  of  firing  has  been  adopted.  The  refuse  is 
tipped  into  bunkers  opposite  each  unit,  and  is  then  thrown  into 
the  furnaces  by  hand.  The  clinkering  is  also  done  from  the  front, 
and  50  far  the  results  have  been  satis^tory.  The  Author  is  of 
the  opinion  that  to  further  describe  this  portion  of  the  und^- 
taking  would  be  useless,  as  most  if  not  all  the  gentlemen  present 
are  fully  conversant  with  this  type  of  destructor. 

There  is,  however,  a  subject  appertaining  to  this  department 
which,  when  worked  in  conjunction  with  an  electricity  works 
occasionally  gives  rise  to  considerable  Motion  between  the  two 
departments  in  many  towns.  The  Author  refers  to  the  amount 
wMch  should  be  paid  for  steam  supplied  to  the  electricity 
department  &om  the  destructor. 

There  are  several  methods  which  have  been  adopted,  hut 
none  seem  to  have  given  satisfaction. 

The  Author  has,  however,  propounded  a  scheme  which  seems 
fair  to  both  departments,  and  which  has  been  adopted  by  this 
council  as  a  basis  for  the  conjoined  working. 

The  arrangement  is  as  follows : — 

The  total  wages  paid  for  stoking  is  ascertained,  and  of  this 
a  sum  of  218^  8s.  is  debited  against  the  electricity  department 
as  its  proper  share  for  stoking  the  coal-fired  boilers,  the  remainder 
being  debited  to  the  destructor  department  as  its  proportion 
for  burning  the  refuse.  The  total  cost  of  coal  per  uijit  sold  is 
now  obtained,  and  credit  is  given  for  steam  supplied,  so  that  the 
total  cost  per  unit  for  coal  shall  equal  O'Zd.  The  following 
example  will  no  doubt  make  the  method  perfectly  clear.  Sup- 
pose the  total  wages  paid  during  the  year  for  stoking  amount  to 
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450/.  of  this  total,  218/.  8a.  is  paid  by  the  electricity  depsrtment 
as  its  ahitre  fot  the  stoking  of  the  coal  fired  boilers,  the  remaining 
231/.  125.  being  paid  by  the  deatmctor  department  for  bumii^ 
refoaa. 

Nov  assume  that  the  total  nnmbar  of  units  sold  are  480,000, 
and  that  the  amount  paid  for  coal  is  400/.,  this  would  amount  to 
0  '2d.  per  unit  sold ;  you  nov  credit  the  destructor  department 
vidi  such  a  sum  as  will  bring  the  total  costs  for  coal  to  0  *  3d. 
per  unit  sold,  the  amount  in  this  example  being  200/.,  thus 
leaving  the  net  labour  coats  of  destroying  the  refuse  at  31/.  lis. 

This  method,  the  Author  thinks,  is  most  equitable,  he  having 
made  several  tests  in  order  to  find  out  what  was  the  cost  in  coal 
per  unit  sold  when  the  destructors  were  shut  down. 

It  should  never  be  overlooked  by  the  members  of  any  council, 
that  the  primary  object  in  erecting  a  destructor  is  the  proper 
and  efficient  destruction  of  the  town's  refuse,  and  that  this 
should  be  earned  out  independently  of  any  by-product  or 
income  &om  such  undertaldDg. 

At  the  samb  time  full  value  should  be  paid  by  any  oUier 
department  for  steam  or  power  which  is  supplied  there&om, 
and  the  method  devised  by  the  Author  seems  to  him  to  be  a 
step  in  the  ri^t  direction  so  &r  as  &  coqjoined  elecbncity  and 
destructor  works  is  concerned. 


DISCUSSION. 
tit,  J.  Pasebb  :  We  aU  know  that  with  the  destruction  of 
refuse,  there  is  an  element  which  far  outweighs  £  :  d. — the 
gettiog  rid  of  the  intolerable  nuisance  which  follows  the  stacking 
of  house  refuse.  When  we  can  remove  such  nuisance,  and  at 
the  same  time  make  a  profit,  this  question  of  deatmction  of 
lefiise,  and  the  utilisation  of  the  waste  heat,  becomes,  for 
aanibuy  engineers  and  surveyors,  one  of  the  great  problems  of 
tlie  day.  I  happen  to  have  bad  experience  of  refuse  destruc- 
tion extending  over  nearly  ten  years,  and  was  the  very  first 
to  start  a  refuse  destructor  to  utilise  the  waste  heat.  At 
Hereford  we  utilise  the  heat  for  pumping  sewage;  here,  in 
Cleckheaton,  it  is  being  used  for  electric  lighting.  Our  pumping 
installation,  previous  to  the  utilisation  of  the  destruction,  was 
maintained  by  coal-fire  boilers.    At  that  time  we  were  paying 
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between  600/.  Rud  700/.  a  year  for  coaL  We  put  Meldmm's 
refuse  destructor  in  front  of  the  existing  Qalloway  boilers,  and 
allowing  for  extra  stoking,  we  saved  the  first  year  550/.  in  hani 
cash.  In  addition  to  that  an  injunction  which  had  been  filed 
i^ainst  UB  to  prevent  ns  tipping  the  refuse,  waa  got  rid  of. 
I  was  very  much  stmck  with  the  moderate  cost  of  the  installa- 
tion of  the  deatructco'.  The  whole  amount  is  25,000/.  For  such 
an  output  as  three  ISO  kilowatts  engines  and  dynamos  and  two 
boilers,  that  is  exceedingly  cheap.  As  to  the  loan,  I  presume 
you  would  get  the  land  for  forty  years,  and  the  building  and 
machinery  for  fifteen  years. 

Mr.  LuHD :  For  periods  of  twenty-five  and  thirty-five  yearn. 

Mr.  J.  Pabexb  :  I  think  it  is  very  creditable  indeed,  and  I 
anticipate  you  will  get  very  good  results  from  the  destructor. 
It  is  certainly  a  little  more  trouble,  and  there  is  a  little  more 
dust  and  dirt  For  that  reason  electrical  enginea's  do  not  like 
it,  but  they  have  to  get  used  to  it.  Anyone  who  reads  these 
two  papers  must  admit  that  they  demonstrate  the  prc^iessive 
character  of  the  Cleckheaton  Urban  District  Council.  I  may 
say  that  at  Hereford,  although  we  have  only  a  refuse  de- 
structor at  the  outfall  works,  we  are  now  about  to  put  in  a  third 
boiler  at  the  electricity  works.  That  is  the  reason  I  came  here 
to-day,  to  see  what,  if  any,  improvements  have  been  made,  and 
how  the  destructor  heat  is  applied  to  electricity.  As  our 
electricity  works  are  in  a  residential  district,  the  Chairman  of 
the  Committee  at  first  thou^t  we  had  better  keep  to  cool-fired 
boilers,  as  there  might  be  opposition  at  the  Local  Government 
inquiry,  but  the  opposition  never  came,  I  have  much  pleasure 
in  proposing  a  vote  of  thanks  to  Mr.  FickeregiU  for  his  very 
interesting  paper, 

Mr.  £.  J.  SiLGOCE :  I  have  very  great  pleasure  in  seconding 
the  vote  of  thanks  to  Mr.  FickeregiU,  which  has  been  so  ably 
proposed  by  Mr.  Parker.  I  must  say  that  the  paper  is  a  very 
interesting  one  to  me,  because  the  destruction  of  refuse  has 
always  been  a  pet  subject  with  me.  I  fully  agree  with  the 
Author's  closing  remarks  in  which  he  says,  "it  should  never 
be  overlooked  by  the  members  of  auy  council  that  the  primary 
object  in  erecting  a  destructor  is  the  proper  and  efficient  de- 
struction of  the  town's  refuse,  and  that  this  should  be  carried 
out  independently  of  any  by-product  or  income  trom  such  under- 
taking."   I  think  we  should  all  of  us  impress  upon  our  re- 
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flpectiTe  coancilfl  tiie  great  importance  of  keeping  that  principle 
alwaya  fixed  in  their  minds.  It  is  no  doubt  a  very  pleasing 
thing  to  show  a  large  saving  on  the  coal  bill  by  the  destruction 
of  refuse  in  combination  with  electric  lightii^  or  the  pumping 
of  sewage,  but  the  prime  object  of  a  destructor  is  the  destruction 
of  refuse,  and  in  most  cases  that  cannot  be  efficiency  done,  if 
the  best  results  are  endeavoured  to  be  obtained  in  Uie  shape 
of  thermal  efficiency.  Of  course,  it  depends  to  a  very  great 
extent  upon  the  nature  of  the  refuse  which  has  to  be  destroyed, 
and  this  afternoon  when  we  visit  these  works,  we  shall  no  doubt 
have  the  opportunity  of  seeing  the  quality  of  the  refuse  which 
has  to  be  destroyed  at  Gleckheaton.  It  also  depends  upon 
the  situation  of  the  destructor.  If  the  destructor  is  on  a  3it« 
away  from  bnOdinga,  the  storage  of  the  reFuse  is  permissible, 
but  in  large  towns  and  cities,  in  order  to  be  economical  the 
destructors  most  be  erected  near  to  dwelling  houses,  and  con- 
sequently it  is  in  those  circumstances  most  important  that  the 
refuse  should  be  at  once  destroyed,  and  that  it  should  be  de- 
stroyed in  such  a  manner  as  to  get  the  highest  possible  tempera- 
ture and  the  least  risk  of  any  fiimes  of  a  dangerous  character 
passing  away  &om  the  destructor.  I  think  that  is  a  most 
important  principle  to  be  borne  in  mind. 

The  vote  of  thanks  was  accorded  with  acclamation. 

The  Members  were  then  entertained  to  luncheon,  and  the  after- 
noon vxis  occupied  with  visits  to  the  infections  diseases  hospital, 
the  gas  works,  and  ike  eUetrieity  and  destructor  works. 
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MIDLAND  DISTRICT  MEETING  AT 
BIRMINGHAM. 

April  1,  1906. 

Seld  in  the  Leetvre  Theatre,   Vnivenity  of  Sirminffham. 
A.  T.  Davjs,  M.  IiTST.  C.E.,  PEEsmmrr,  in  the  Chair. 


Mk.  H,  Bichabdsok,  Hon.  District  Secretary,  read  the  minutes 
of  the  last  Midland  District  Meetii^,  which  were  confirmed. 

The  PBESiDEirr :  I  icel  sure  we  ahall  have  from  Mr.  Bamber 
a  most  iuterestlDg  paper  on  an  important  subject,  and  I  am 
very  glad  to  aee  so  large  a  number  of  Members  present  to  par- 
ticipate in  the  proceedings. 

Mr.  Baubbb  then  read  his  paper,  which  was  profiisely 
illnatrated  by  biograph  and  other  pictures,  uid  M.  De  Yesian 
exhibited  on  the  screen  a  number  of  examples  of  construction 
in  ferro-concrete  work,  including  bridges  at  Bochdale  and  Liver- 
pool, grain  silos  at  Swansea,  and  stores  for  the  Great  Western 
BaUway  at  London  and  BristoL 

PORTLAND    CEMENT. 
Bt  h.  k.  g.  bamber,  f.cs. 

In  rising  to  address  this  audience  the  Author  must  first  daim 
indulgence  for  the  presentation  of  his  remarks  in  a  some- 
what condensed  form  necessitated  by  the  very  short  space  of 
time  at  his  disposal  He  may  assume  also  that  the  majority  of 
his  audience  are  somewhat  familiar  with  the  subject,  and  that  it 
will  sot  therafore  be  necessary  to  go  in  detail  into  the  ancient 
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history  of  Portland  cement,  but  rather  to  confine  liis  remarks  to 
the  more  recent  development  in  the  processes  of  manufacture  of 
this  most  important  building  material. 

You  meet  with  it  in  almost  every  form  of  buildii^  cooBtmc- 
tion — in  huge  masses  in  the  form  of  concrete  foundations,  in 
which  position  its  strength  and  constancy  of  volume  are  relied 
upon  to  support  the  whole  of  the  superincumbent  we^ht,  &e- 
queotly  with  very  heavy  and  varying  loads.  In  the  most  recent 
practice  of  building  construction,  and  one  which  is  rapidly 
coming  to  the  front,  it  is  used  almost  excloeively  in  conjunc- 
tion with  steel  and  iron  for  the  whole  of  the  superstnicture, 
entirely  superseding  brick,  timber  and  other  forms  of  light  con- 
struction. 

Without  this  material  some  of  the  largest  and  most  impor- 
tant works  in  the  world  could  not  have  been  accomplished,  such 
as  docks,  harbonra,  waterworks,  etc.  Of  the  latter  the  Corpora- 
tion of  Birminghun  possess  perhaps  the  finest  example  in  this 
country  in  their  enormons  reservoirs  in  the  Elan  Valley,  the 
immense  dams,  impounding  acres  of  water,  being  constructed 
almost  entirely  in  Portland  cement  concrete  in  conjunction 
with  stone  as  facing ;  the  strengtii  of  the  whole  construction, 
however,  depending  upon  the  strength  obtained  in  the  enclosed 
concreta.  It  has  b^  the  Author's  privil^e  to  visit  these 
works  on  frequent  occasions.  The  supplies  of  the  whole  of  the 
Portland  cement  amount  to  some  90,000  tons  ^p  to  the  pre- 
sent time ;  and,  with  some  knowledge  of  the  subject,  the  Author 
is  able  to  say  that  he  has  never  seen  more  magnificent  concrete 
work,  due  primarily  to  the  excellent  quality  of  cement,  but 
chieSy  to  the  great  care  and  ability  applied  in  its  use.  Without 
Portland  cement  it  is  safe  to  say  that  Birmingham  would 
never  have  obtained  its  water  supplies  from  the  Welsh  moun- 
tains. 

Having  realised  the  immense  value  that  Portland  cement 
has  been  in  the  past  and  is  still  more  likely  to  be  in  the  future 
in  the  hands  of  the  engineer,  let  us  turn  our  attention  to  some 
of  the  more  recent  methods  of  manufacture  of  this  material. 
Shortly,  the  old  process  consisted  of  mixing  together  chalk  and 
clay  (for  many  years  the  only  materials  used)  in  definite  pro- 
portions ;  a  difficult  matter  when  it  is  remembered  that  it  is 
only  in  recent  years  the  assistance  of  the  tmined  chemist  has 
been  utilised  to  check  the  composition  in  the  eaily  stages  of 
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manufacture,  and  that  formerly  this  vas  done  entirely  by  rule 
of  thumb,  the  material  frequently  reaching  the  final  stages  of 
manufacture  before  defects  were  discovered  arising  from  im- 
proper proportions  of  rav  materials,  which  defects  it  was  then 
practic^Iy  impossible  to  remedy.  After  mixing,  the  material 
was  then  pumped  or  elevated  into  "  backs,"  or  reservoirs,  where 
settlement  could  take  place,  and  a  considerable  percent^e  of 
the  water  used  for  amalgamating  the  chalk  and  clay  could 
be  removed  by  decantation  and  evaporation.  Thifl  mixture  of 
chalk  and  clay  was  then  removed  by  hand  or  pumped  on  to 
drying  floors  or  chambers  over  the  kilns,  where  the  water  re- 
maining therein  was  evaporated  by  heat  obtained  from  the 
process  of  calcining,  to  which  process  in  its  turn  the  dried  ma- 
terial was  subject«d.  The  resulting  clinker  was  tlien  ground  to 
a  powder,  producing  the  Portland  cement  as  known  to  the  trade. 

The  development  of  research,  and  the  canying  out  of  pro- 
perlyoiffanised  investigations  into  themanofacture  and  properties 
of  Portland  cement,  more  especially  in  Germany  and  America, 
{impelled  the  English  manufacturer,  who  had  been  somewhat 
tardy  in  this  direction,  to  set  about  putting  his  works  in  order, 
and  remodelling  them  on  sdentifio  lines.  The  extension  of 
knowledge  of  the  subject  soon  resulted  in  other  calcareous  and 
silicions  materials  being  experimented  with  for  the  manufac- 
ture of  cement,  and  in  many  cases  such  materials,  other  than 
chalk  and  clay,  have  been  found  suitable  under  proper  methods 
of  manufacture  for  the  purpose,  with  the  result  that  works  have 
sprung  up  in  various  puts  of  the  country. 

As  one  of  the  Author's  objects  ia  to  bring  to  your  notice  the 
correct  methods  for  practically  testing  cement,  the  various  pro- 
cesses of  tJie  more  modem  manufacture  will  be  shortly  descTibed, 
so  that  in  dealing  with  the  question  of  testing,  it  wiU  be  possible 
to  trace  back  to  each  particular  process  of  manufacture  the  con- 
ditions which  are,  and  must  be,  applied  by  the  manufacturer 
to  obtain  a  finished  product  which  shall  possess  those  qualities 
that  will  enable  it  to  successfully  pass  the  various  tests  required 
of  it,  and  which  will  later  have  our  consideration. 

Great  care  ia  taken  to  remove  from  above  the  chalk  all 
"callow,"  i.e.  gravel,  loam,  sand  and  hard  contaminated  chalk, 
locally  known  as  "  bull  head,"  so  that  none  but  the  pure  chalk 
is  us^  for  the  manufacture.  As  the  supplies  of  chalk  immedi- 
ately contiguous  to  the  works  have  long  since  been  worked  ou^ 
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it  has  been  necesa&rf  to  go  further  inland  for  material,  necee- 
eitating  steam  or  other  traction  to  bring  the  raw  material  to  the 
works. 

The  chalk  and  clay  obtained  are  brought  into  the  works  and 
there  caicfiiUy  mixed  b^  means  of  powerful  machinei?  in  fixed 
and  definite  proportions,  in  accfurdance  with  the  reqnirements 
of  the  speoificatioD  under  which  it  is  intended  the  cement 
mannfiu^tured  therefrom  is  to  be  supplied. 

The  principal  object  of  this  part  of  the  process  is  to  get 
the  materials  mixed  in  exactly  the  proper  proportions,  and 
this  is  done  by  the  most  careful  and  continuous  system  of 
sampling  and  analysis  while  mixing  is  going  on.  Samples  are 
taken  every  fifteen  minutes,  and  so  regular  is  the  compositioii  of 
the  chalk  and  day  used,  that  the  chemists  in  charge  of  the 
various  plants,  working  under  a  properly  organised  system,  have 
no  difBculty,  by  means  of  chemical  tests,  in  keeping  the  propor- 
tions well  within  the  prescribed  limits. 

The  method  adopted  is  to  detemune  the  amount  of  caibooic 
anhydride  (COa)  present  in  an  accurately  weighed  amount  of 
the  dried  mixture  of  chalk  and  clay.  Chalk  (CaOCOi)  consists 
of  66  parts  of  calcium  oxide  (CaO)  chemically  combined  with 
44  parts  of  carbonic  anhydride  (COg)  and  it  can  only  occur  in 
these  fixed  and  definite  proportions.  By  taking,  therefore,  an 
accurately  weighed  quantity  of  dried  "  slnny,"  and  determining 
by  means  of  proper  apparatus  the  amount  of  CO]  present  (which 
can  be  done  with  great  accuracy  and  rapidity),  Uie  amount  of 
calcium  carbonate  present  in  the  mixture  can  be  immediately 
calculated.  In  addition  to  this,  the  precaution  is  taken  of 
igniting  another  weighed  quantity  of  the  same  dried  sample  and 
determining  the  loss  of  weight ;  which  latter  consists  of  all  the 
carbonic  anhydride  (COa),  and  also  any  organic  peaty  matter 
that  may  have  been  introduced  with  the  clay.  By  means  of 
these  two  tests,  carried  out  by  thoroughly  skilled  chemists,  the 
exact  amount  of  calcium  carbonate  in  the  mixture  is  accurately 
determined ;  and  seeing  that  both  operations  can  be  conducted 
and  finished  in  a  comparatively  short  space  of  time,  a  thorough 
knowledge  of  the  composition  is  always  available  to  the  chemist, 
who  makes  slight  alterations  in  the  proportion  of  materials 
whenever  his  tests  show  that  such  alterations  are  necessary.  In 
Uiis  way  the  manufacturer,  with  the  aid  of  chemistry,  keeps  his 
mixture  exactly  as  required. 
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Having  insured  this,  the  next  importtuit  step  is  to  see  that 
they  are  thoroughly  amalgamated,  in  order  that,  when  later 
the  materials  are  submitted  to  calcination,  the  atoms  going  to 
make  np  the  same  may  be  in  the  closest  possible  juxtaposition. 
The  chemical  combination  of  the  raw  materials,  when  submitted 
to  the  necessary  prooese  of  calcination.  Lb  very  much  more  perfect 
than  when  the  particles  are  appreciably  larger  and  not  inti- 
mately mixed ;  in  fact,  the  combination  of  the  silica  and  alumina 
of  the  clay  with  the  lima  (after  the  elimination  of  the  carbonic 
anhydride  from  the  chalk)  can  never  properly  take  place  unless 
the  materials  to  be  calciaed  are  in  the  finest  possible  state  of  sab> 
division. 

In  the  modem  cement  plants,  so  perfectly  is  this  part  of 
the  operation  carried  out,  that  at  least  96  per  cent,  of  the  chalk 
and  day  delivered  to  the  mixing  and  grinding  mills  is  capable 
of  passing  through  a  sieve  having  32,400  holes  per  square  inch 
before  it  is  delivered  by  the  mill  for  conveyance  to  t^e  storage 


Having  brought  the  raw  materials  up  to  this  point  with  a 
known  composition,  fineness  and  finidity,  the  mixture  of  same 
— technically  known  as  "  slnny " — is  pumped  into  large  storage 
reservoirs,  each  having  a  capacity  of  slurry  suEGcient  to  make 
600  tcxis  of  cement  In  this  way  is  secured  a  more  perfect 
mixture,  as  the  slightest  varia^n  experienced  in  the  va^mills 
is  corrected  again  at  this  point  by  mixing  in  large  bulk.  Vary 
great  improvement  in  the  quality  of  the  product  is  obtained  by 
this  thorough  process  of  incorporation,  provious  to  the  process 
of  calcination,  which  immediately  follows — the  slarry  in  the 
mixers  not  being  withdrawn  until  certified  by  the  works  chemist 
that  same  is  in  every  respect  in  accordance  with  requirements. 

The  processes  so  far  described  refer  exdusively  to  that  known 
as  the  "  wet,"  by  which  process  in  the  United  Eongdom  the 
bulk  of  cement  is  manufactured.  In  some  localities,  however, 
the  raw  tnatj>n'ii.lB^  consisting  of  a  crystalline  limestone  mora  or 
less  pure  and  a  shale  clay,  or  marl,  are  moro  conveniently 
amalgamated  by  what  is  known  as  the  "  dry  "  process.  In  this 
the  materials,  as  obtained  from  their  original  source,  are  dried 
by  some  mechanical  or  other  means,  and  are  then  mixed  together 
in  the  dry  condition  and  reduced  by  some  form  of  grinding 
machine  to  a  fine  powder,  by  which  an  intimate  mixture  ia 
obtained.    The  same  care  and  attention  chemically  are  required 
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in  this  ae  in  the  wet  process,  more  e9peciall7  as  it  does  not  lend 
itself  BO  satiafactorily  as  the  wet  for  mixing  the  prepared  raw 
materials  in  bulk.  The  dry  process  has  advant^es,  however,  in 
other  directions,  such  as  in  economy  of  fuel,  sufficient  only  being 
required  to  expel  the  moisture  naturally  present  in  the  raw 
materials ;  whereas,  in  the  wet  process,  the  moisture  added  for 
the  purpose  of  intimately  mixing  the  raw  materials  in  a  state  of 
suspension  has  to  be  eliminated  by  means  of  decantation,  as  in 
the  old  "  back  "  process,  or  by  evaporation. 

We  now  come  to  the  second  part  of  the  process,  which  is 
entirely  of  a  chemical  character — the  first  part  being  purely 
mechanical.'  More  attention,  perhaps,  has  been  given  to  im- 
provement of  this  part  of  tho  process  than  to  any  other. 
Many  forms  and  descriptions  of  kilns  haye  been  tried,  but  as 
they  all  necessitate  very  heavy  charges  for  labour,  and  the  fuel 
used  is  essentially  coke — a  relatively  costly  fuel,  and  one 
liable  to  unexpected  and  artificial  fluctuations  in  price — they 
have  not  met  with  much  economical  success. 

Among  the  most  economical  of  these  kilns  is  the  HoEfbian 
(which  can  be  used  only  in  cases  where  cement  is  made  by  the 
dry  process). 

Other  types  of  continuous  kiln  are  those  known  as  the  shaft 
kilns.  These  consist  of  a  vertical  shaft  with  openings  at  the 
bottom  for  removing  the  burned  clinker.  The  raw  material  and 
the  fiiel  are  fed  in  at  the  top  of  the  kiln,  as  the  materials  &11 
therein,  when  the  clinker  is  drawn  &om  the  bottom  end. 

Either  of  these  kilns  is  adapted  for  use  in  connection  witli 
tiie  dry  process,  the  dry  powder  being  pressed  in  the  form  of 
bricks  previous  to  calcination. 

The  most  familiar  forms  of  kilns  on  the  older  process,  how- 
ever, and  those  adapted  to  the  wet  m^od,  are  known  as  chamber 
kilns,  ctmsistii^  of  tiie  closed  kiln  of  ordinary  lime-kiln  type, 
having  a  considerable  area  of  flue  attached,  constituting  the 
dryii^  floor  for  tie  wet  raw  materials ;  the  hot  gases  from  the 
tnuning  charge  passing  over  and  under  a  further  supply  of 
wet  raw  material,  expelling  the  moisture  therein,  and  leaving  it 
in  a  dry  condition  fit  for  the  next  charge  of  the  kiln. 

With  all  these  kilns  &e  operator  has  little  or  no  control  of 
the  temperature  at  the  part  of  the  kiln  where  calcination  is 
going  on ;  and,  as  the  material  must  necessarily  be  burned  in  fairly 
large  pieces,  so  that  the  draught  of  the  kiln  is  not  impaired, 
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a  considerable  portioD  of  the  product  gets  over-barned  oq  the 
surface,  leaving  frequently  a  core  of  "  half-burn,"  which  it  is 
difficult  to  remove,  and  which  has  a  tendency  to  cause  unaound- 
neas  iu  the  finished  cemeat. 

The  process  of  burning  with  rotaiy  kilns  was  tried  as  Cu 
back  as  1885.  Although  a  measure  of  succesa  was  obtained  at 
these  early  trials,  many  difficulties  presented  themselves  which 
at  that  time  appeared  to  be  insuperable.  The  use  of  pulverised 
coal  bad  not  come  into  practice  at  that  time,  and  great  diffieultdes 
were  experienced  in  burning  with  producer  gas.  No  satisfactoiy 
material  could  be  found  for  lining  the  hottest  part  of  the  kiln ; 
and  owing  to  the  shortness  of  the  kiln — being  only  about 
25  feet  in  length — do  economical  use  of  fuel  could  be  obtained. 

The  ideas  originated  in  the  Bansome  process  were,  however, 
lately  developed  in  the  TJoited  States,  where  the  use  of  petro- 
leum as  fuel  removed  a  great  many  of  the  early  difficulties 
experienced  in  the  experiments  in  England.  The  process  was 
eventually  brought  to  perfection.  The  process  developed  very 
rapidly  in  America,  and  the  rotary  kiln  is,  in  almost  all 
works  in  that  country,  adopted  for  the  calcination  of  Portland 
cement. 

The  prepared  slurry — ^instead  of  being  dried  on  "  ovens  " 
and  "chamber  kiln  floors"  with  heat  from  the  intermittent 
(old  method)  kilns,  from  which  it  is  eventually  to  be  removed 
when  dry  and  packed  with  coke  into  these  kilns  at  great  expense 
for  labour — ^is  pumped  &om  the  mixers  already  described  in 
a  thoroughly  homogeneous  condition  into  the  rotary  kiln,  down 
which  it  passes  as  the  Iciln  rotates,  the  water  being  driven 
therefrom  by  the  heat  from  tiie  escaping  gases  evolved  at  the 
lower  or  calcining  end  of  the  kUn,  where  a  temperature  of  from 
2800°  to  3000°  F.  is  conUuually  maintained. 

The  kilns  are,  in  some  cases,  70  feet  long,  and  in  more  recent 
practice  80  feet  long  and  6  feet  in  diameter.  The  power  for 
rotating  the  kilns  is  obtained  by  means  of  electric  motors,  and 
the  variations  of  speeds  of  rotation,  necessitated  by  continual 
atmospheric  changes,  are  entirely  under  the  control  of  the 
operators  in  charge  of  the  several  units. 

The  temperature  necessary  for  calcination  at  the  lower 
end  of  the  Viln  is  obtained  from  the  combustion  of  pulverised 
bituminous  coal,  which  is  forced  into  the  kUn  by  means  of  an 
air  blast^  c^  other  means,  where  it  immediately  ignites.    The 
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supply  of  coal  in  regular  gusntities  as  required,  the  ecouom  j  and 
efficiency  of  the  process,  and  the  regularity  in  the  qualities  of 
the  finished  product,  depend  lai^ely  upon  the  BucceBsful  working 
of  the  machinery  of  this  portion  of  the  plant. 

The  sluny  is  pumped  from  the  mixers,  as  already  described, 
or,  in  the  case  of  the  dry  process,  the  powder  is  fed  into  the  top 
end  of  the  lain,  through  which  it  gradually  descends,  first  losing 
its  water  by  erapoiation  in  its  passage  down  20  feet  of  the  kiln ; 
it  then  reaches  a  temperature  where  all  organic  matter  from  the 
clay  and  carbonic  anhydride  (CO,)  is  evolved ;  and  descending 
further,  and  when  within  20  feet  of  the  lower  end  of  the  kiln, 
it  reaches  a  zone  of  temperature  where  the  chemical  combination 
of  the  lime  with  the  silicates  of  alumina  takes  place,  producing 
Portland  cement "  clinker." 

The  hot  clinker  falls  from  the  end  of  the  kiln  into  a  some- 
what similar  cylinder,  but  of  slightly  smaller  dimensions.  During 
its  passage  through  this  second  revolving  cylinder,  or  "cooler,"  the 
beat  brought  over  with  the  clinker  is  withdrawn  by  the  passage 
of  cold  air  through  the  tube,  which  becomes  heated  and  is 
eventually  carried  upwards  by  the  induced  draught  of  the  kiln 
chimney  into  the  kiln,  where  it  assists  combustion. 

The  rotary  kiln  produces  clinker  quite  different  in  appear- 
ance from  that  of  the  intermittent  chamber  or  continuous  shaft 
kiln.  The  raw  material  in  its  passage  down  the  rotary  kiln, 
as  previously  described,  breaks  up  into  small  particles  during 
the  process  of  dehydration  and  decarbonisatton,  and  presents 
itself  at  the  cllnkering  zone  in  very  small  particles ;  so  that, 
in  its  passage  through  this  zone  of  fire,  the  small  particles 
are  thoroughly  and  completely  calcined  to  the  centre,  leaving 
no  core  of  half-burnt  raw  material,  as  is  sometimes  the  case 
by  the  older  methods  of  calcination  in  large  pieces.  This 
perfect  calcination  is  tiie  primary  cause  of  the  soundness  of 
the  cement  produced  by  this  rotary  process.  The  amount  of 
fuel  used,  and  therefore  the  temperature  produced,  is  entirely 
under  the  control  of  the  person  operating  the  kiln ;  and  by 
means  of  special  apparatus  provided  he  can  reduce  or  increase 
at  will,  by  altering  the  speed  of  rotation  of  the  kiln,  the  amount 
of  raw  material  coming  towards  the  firing  zone,  and  also  the 
amount  of  pulverised  coal  injected. 

The  chemical  action  on  the  raw  material  which  takes  place 
daring  its  passage  through  the  kiln  is  as  follows :  The  wet  slurry 
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pumped  into  the  itpper  eod  of  the  kiln  having  parted  with  all 
its  moisture  to  the  escaping  hot  gases  arising  from  the  combus- 
tion of  fuel  at  the  lower  or  calcining  end  of  the  kiln,  and  passing 
on  through  a  constantly  increasing  temperature,  having  parted 
with  all  oi^anic'matter  introduced  in  conjunction  with  the  day 
and  all  the  carbonic  anhydride  (COj)  of  the  carbonate  of  lime 
(CaOCOj) — the  calcium  oxide  (CaO)  thus  formed  enters  at  a 
temperature  of  about  2500^  to  2800°  F.  into  chemical  combina- 
tion with  the  silica  and  alumina  of  the  clay,  resultLog  in  a  clinker 
or  semi-vitrified  basic  compound  consistu^  chiefly  of  tricalcic 
silicate  (SCaOSiO,)  and  dicaldc  eluminate  (2CaOAlaO,). 

The  proportion  of  base  (CaO)  to  acid  (SiOj  and  AlfOa)  should 
not  be  greater,  for  a  sound  cement,  than  the  ratio  represented 
by  the  following  equation : 


CaO 

SiOj  +  AljO, 


S-76 


and  this  result  is  arrived  at  by  the  mixing  of  the  raw  materials 
in  definite  proportiona,  as  already  described.  This  equation  is 
baaed  on  the  chemical  equivalents  of  the  constituents  and  not 
on  percentages,  and  the  method  of  calculation  will  be  explained 
under  the  heading  of  "Testing — Chemical  Composition." 

An  important  improvement,  brought  about  by  the  rotary 
process,  ia  the  elimination  of  the  fuel  ash  from  the  cement 
clinker.  In  the  older  processes  the  ash  from  the  coke  and  coal 
\ised  for  calcination  must  necessarily  remain  intermixed  with  Vba 
clinker  in  die  kiln  tiom  which  it  cannot  be  removed ;  whereas 
in  the  rotary  process  the  fine  ash  derived  trom  the  coal  is 
carried  away  out  of  the  kiln,  and  does  not  contaminate  the 
clinker. 

The  third  and  final  process  of  manufacture  is,  like  the  first, 
entirely  of  a  mechanicij  natura  The  clinker,  as  produced  by 
calcination  in  small  pieces,  is  an  absolutely  inert  material,  and 
no  chemical  combination  with  water  can  take  place  until  the 
clinker  has  been  reduced  by  some  mechanical  means  to  the 
condition  of  a  fine  powder.  This  is  a  very  important  feature  in 
the  manufacture,  as  it  is  well  known  that  the  chemical  action  of 
the  cement  when  subsequently  gauged  with  water  ia  in  direct 
proportion  to  the  fineness  of  the  particles ;  the  smaller  the 
particles  tiic  greater  the  chemical  activity,  and,  therefore,  the 
greater  the  cementitious  value  as  a  material  of  construction.    For 
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this  reason  the  high-class,  finely-ground  cements  on  the  market 
ara  &equently  much  more  economical  in  use  owing  to  increased 
covering  power,  notwithstanding  the  higher  price  which  is 
demanded  for  them. 

The  reduction  to  powder  of  the  cement  clinker  is  ohtaised 
by  means  of  several  classes  of  machinery,  all  of  a  heavy  and 
powerful  kind,  necessitated  by  the  extreme  hardness  and 
refractory  nature  of  the  material  pulverised. 

The  method  of  griading  with  millstones  has  been  superseded 
by  many  kinds  of  modem  machinery,  such  as  mills  of  the 
vertical  and  horizontal  edge-runner  type;  but  the  class  of 
machinery  mostly  used  for  very  fine  grinding  is  represented  1^ 
the  revolving  tuhe  system  containing  steel  baUs  and  flint  pebbles, 
the  mill  containing  the  sted  balls  being  described  as  the  "  ball 
mill,"  and  the  latter  wiUi  pebbles  as  the  "  tube  mill."  The  ball 
mill,  as  the  preparatory  grinder,  consists  of  a  revolving  cylin- 
drical chamber,  the  circumferential  ends  being  set  at  an  angle 
to  the  circumference,  forming  a  series  of  steps  as  the  mill  re- 
volves. The  steel  plates  forming  these  ends  are  perforated,  and 
as  the  mill  revolves  with  a  charge  of  two  to  three  tons  of  steel 
balls  rolling  on  the  bottom  and  falling  from  step  to  step,  the 
cement  introduced  is  crushed  by  the  rolUi^  and  falling  action 
of  the  balls  to  a  coarse  powder,  in  which  condition  it  passes 
throi^h  the  perforations  in  the  plates  and  falls  on  to  a  series 
of  sieves ;  the  powder  fine  enough  to  pass :  through  these  sieves 
oonstitutes  the  output  of  the  mill,  the  coarser  particles  rejected 
by  the  sieves  returning  automatically  beneath  the  steps,  as  the 
mill  rotates,  into  the  interior  of  the  mill  for  further  reduction. 

The  material  from  this  mill  is  then  introduced  into  a  finishing 
mill  or  tube  mill — a  plain  revolving  cylinder,  about  26  feet 
long  and  6  feet  diameter,  carrying  a  charge  of  round  flint 
pebbles,  sufficient  to  about  half  fill  the  mill.  As  this  mill 
revolves,  the  cement  (in  a  coarsely  ground  state  as  delivered 
from  the  ball  mill)  is  crushed  between  the  large  mass  of  rolling 
sttmes,  and  finally  leaves  the  mill  after  passing  from  one  end  to 
the  other,  during  the  whole  time  subject  to  attrition  between 
the  stones  themselves  and  between  the  stones  and  the  interior 
steel  lining  of  the  mills. 

It  will  be  understood  tiiai  this  is  a  very  costly  part  of  the 
manufacturing  process,  the  cost  of  grinding  being  in  direct  ratio 
to  the  fineness ;  the  finer  the  powder  and,  therefore,  the  more 
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valuable  the  article,  the  greater  the  cost  to  the  maiinfacturer. 
The  most  modem  practice  in  this  department  has  led  to  the 
reduction  of  the  clinker  to  such  extreme  fiaeneas  that  all  passes 
through  a  SO-mesh  sieve,  98  per  cent,  tbrou^  a  76-me6h  sieve, 
95  per  cent,  through  a  lOO-mesh  sieve,  and  from  80  to  85  per 
cent  through  a  180-mesh  sieve — the  sieves  mentioned  coire- 
sponding  to  2500,  5776,  10,000  and  32,400  holes  per  scLuare 
inch  respectively. 

It  is  at  this  point  of  the  manufacture  that  the  regulation  of 
the  setting  time  of  the  cement  is  effected.  A  thoroughly  well 
made  and  finely  ground  Portland  cement  is  always,  when  first 
ground,  very  quick  setting.  The  more  thorough  tjie  amalgama- 
tion of  the  raw  materials,  the  more  perfect  the  calcination,  and 
the  finer  the  grinding,  the  greater  the  chemical  activity  of  the 
cement  produced  when  mixed  with  water,  and  therefore  the 
qoicker  the  set. 

Except  for  work  ouder  water  a  very  quick-setting  cement  is 
not  desirable,  and  therefore  it  is  necessary  for  the  manufacturer 
to  neatralise  the  initial  setting  of  the  cement  by  one  or  other  of 
the  recognised  methods.  Hitherto  this  has  been  done  by  the 
addition  of  various  small  percentages  of  gjrpsom  (CJaOSOg),  but 
aa  some  engineers  have  an  objection  to  an  admixture  of  this 
material,  the  manufacturer  was  left  to  seek  some  other  means 
of  attaining  the  same  object. 

A  new  and  very  effective  system,  which  has  been  in  nao  now 
for  some  time,  consists  of  subjecting  the  cement  in  the  final 
stage  of  grinding  to  a  moist  atmosphere.  This  is  done  by 
injecting  into  the  tube  mill  already  described  a  quantity  of 
steam,  regulated  at  will,  which  keeps  moist  the  atmosphere 
in  the  enclosed  miU,  so  that  as  the  mill  revolves,  carrying 
up  and  rolling  over  the  stones  and  cement  therein,  every 
t»rticle  of  the  latter  is  subjected  to  a  continuous  and  repeated 
process  of  superficial  hydntion,  eventually  leaving  the  mill  in 
the  finished  condition,  each  molecule  of  cement  equally  treated. 
The  process  is  one  of  great  simplicity,  and  follows  quite  natural 
lines.  It  is  well  known  that  a  quick-settii^  cement,  if  allowed 
to  become  aerated  by  exposure  to  the  atmosphere,  becomes  slow 
setting,  and  that  in  proportion  to  the  period  of  aeration,  and  also 
improves  in  soundness  by  the  nentraliBation  of  any  particles  of 
free  lime  present  through  the  absorption  of  water  and  carbonic 
anhydride  (COj)  from  the  atmosphere.    This  action  is  very  im- 
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perfect,  however,  when  cement  ia  stored  in  bulk,  &nd  can  only 
be  in  a  measure  successfully  accomplished  by  continually 
turning  over  the  cement  and  exposing  fresh  surfaces  for  aera- 
tion. 

The  new  aystem  was  perfected  to  overcome  these  difBculties, 
and  it  will  be  readily  understood  that  the  amount  of  hydration  or 
aeration  to  which  each  atom  or  particle  of  cement  is  subjected 
under  the  new  process  duiing  a  period  of  one  or  two  hours  in 
the  moist  atmosphere  of  the  rolling  tube  mill  is  much  more 
perfect  than  in  the  case  when  cement  is  stored  in  bulk,  and 
depends  for  its  aSration  upon  abaorption  &om  the  atmosphere. 

It  ifl  not  generally  known  that  the  free  or  loosely  combined 
lime  in  cement  will  not  absorb  carbonic  anhydride  firom  the 
atmosphere  until  it  has  first  taken  up  moisture  and  become  con- 
verted into  the  hydrate,  in  which  condition  it  is  free  to  absorb 
carbonic  anhydride  from  the  air,  being  then  converted  into 
inert  calcium  carbonate. 

The  effect  of  the  hydration  process  is  first  to  hydrate 
any  trace  of  free  lime  present,  and,  secondly,  to  hydrate  the 
loosely  chemically  combined  alominates  of  lime,  to  which  latter 
are  attributed  the  quick  initial  setting  properties  of  the  cement. 

The  system  permits  of  such  minute  r^ulation,  depending  on 
the  amount  of  steam  injected,  that  the  setting  time  of  the  cement 
being  produced  can  be  permanentiy  regulated  to  comply  with 
the  requirements  of  any  specification,  the  total  maximum 
absorption,  even  for  a  slow-setting  cement,  being  less  than 
1  per  cent. 

Having  passed  this  final  stage  of  the  manufacturing  process, 
tiie  cement  is  delivered  to  the  waxehouae,  where  it  remains  until 
the  mechanical  heat  due  to  the  friction  of  grinding  is  eliminated , 
when  the  cement  is  ready  for  inunediate  use. 

The  time  at  disposal  will  not  admit  of  a  more  lengthy  de- 
scription of  the  three  main  processes,  but  from  what  has  been 
said  it  will  be  seen  what  strides  have  been  made  during  recent 
years  in  placing  the  manufacture  of  Portland  cement  upon  a 
thoroughly  scientific  basis.  SufBoient  has  been  said,  however, 
to  enable  a  comprehensive  view  to  be  taken  of  the  various  tests 
to  which  the  cement  has  to  be  submitted  in  the  hands  of  the 
consumer. 
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Chemical  Composition. — ^Tho  chemistiy  of  Portlaud  cement 
has  been  and  still  remams  a  -very  abstniBe  subject.  A  consider- 
able antonnt  of  reeearcb  has  been  made  from  time  to  time  by 
Tarioua  chemists,  who  have  thereby  tiirown  some  light  on  the 
chemistiy  of  a  very  complex  subject ;  but  there  yet  remains  a 
wide  field  of  research  for  the  acientiat  and  manufactnrer  befora 
the  whole  truth  will  be  known. 

The  following  shows  the  chemical  composition  topical  of 
the  bulk  of  cements  in  use,  the  sample  being  taken  when  freah 
ground. 

AsALnu. 

BUio»(8iO,)       22-00 

iDBoInUe  raridne  (nad  ud  InMloble  dlieatta)  ..      0-75 

Alnmloft  (A1,0,)       Y-Bq 

Fenio  oxide  (1^0^ 8M 

Liiiio(OaO) 61-90 

Uagneda  (HgO>       1-26 

SnlphDTio  BUbidiide  <80 J      1-SO 

Owbonio  anliTdride  (CO,)        0-!5 

■WBter(H,0>      0-75 

SToSS'}"^'- _^ 

lOO-OO 

The  percentage  amounts  of  the  varioua  ingredieats  will  of 
coarse  be  somewhat  changed  if  such  cement  is  subjected  to 
prolonged  aeration,  when  the  amounts  of  carbonic  anhydride  and 
water  will  be  found  to  have  much  increased  by  absoiption  from 
the  atmosphere,  with  a  consequent  dimination  in  the  percentage 
quantities  of  tiie  other  ingredients.  For  this  reason,  in  cases 
where  the  percentage  of  lime  present  is  fixed  by  specification, 
the  amount  found  on  analysis  should  be  considered  absolutely 
in  ooi^'iinction  with  the  amount  of  matter  volatile  on  ignition, 
ie.  the  water  and  carbonic  anhydride ;  otherwise,  it  will  be  clear 
that  an  erroneous  opinion  may  easily  be  formed  leading  to  a 
mistaken  decision  aa  to  the  quality  of  the  cement.^ 

It  is  advisable,  where  an  analysis  is  specified  for  any  oemeut, 
that  the  sample  should  be  taken,  if  at  the  works,  as  soon  as 
possible  after  the  cement  is  ground,  or,  if  after  delivery  to  the 
consumer,  immediately  on  arrival;  and  in  either  case,  the 
sample  should,  when  taken,  be  placed  in  an  hermetically  sealed 
receptacle,  such  as  a  glass-stoppered  bottie,  and  thus  kept  free 
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from  exposure  to  the  atmoephere  till .  the  unalysis  is  made. 
Under  those  conditions  the  original  composition  of  the  cement 
remains  unchanged.  Unless  such  precantiona  are  taken,  no 
reliance  whatever  can  be  placed  on  the  results  of  the  analysis  ' 
as  representing  the  composition  of  the  bulk  from  which  the 
sample  was  drawn. 

It  will  be  foreign  to  the  matter  before  ns  to  go  into  the 
question  of  methods  of  analysis,  as  such  matters  are  not  dealt 
with  by  the  engineer,  the  same  being  delegated  to  some  expert 
fully  acquainted  with  the  proper  methods,  and  whose  decision 
is  generally  acted  upon  by  the  consumer. 

For  many  years  the  maximum  amount  of  lime  permitted  by 
the  specifications  was  62  per  cent. ;  but  since  the  many 
improrementa  both  in  the  amalgamation  of  the  raw  mBt«rials 
and  the  more  perfect  calcination,  a  large  percentage  is  advis- 
able, and  in  cases,  as  in  the  rotary  process,  where  the  clinker  is 
not  contaminated  with  the  ash  from  the  kiln,  the  percentage  of 
lime  can  be  uid  is  beneficially  increased  up  to  64  per  cent,  in 
the  finished  cement.  As  a  matter  of  fact,  64  per  cent,  of  lime 
is  about  the  nsual  percentage  in  all  cement  clinker,  even  when 
manufactured  by  the  older  processes ;  but  during  the  calcination, 
the  ash  (chiefly  silicates  of  alumina)  from  the  coke  or  coal 
becomes  mechanically  mixed  with  the  clinker  when  drawn,  and 
cannot  be  separated,  and  is  ground  together,  reducing  the 
relative  percent^e  of  lime  in  the  finished  cement  in  direct 
proportion  to  the  amount  of  silicates  of  alumina,  etc.,  or  ash 
picked  up  from  Uie  fuel,  which  in  actual  practice  reduces  the 
percentage  of  lime  from  the  neighbourhood  of  64  to  61  per  cent., 
the  approximate  amoont  found  on  analysis  in  most  cements. 

In  dealing  with  this  point  when  compiling  a  specification 
for  cement,  the  Engineering  Standards  Committee  decided  not  ' 
to  fix  any  definite  percentage  of  lime,  r^ardless  of  the  other 
ingredients,  as  has  formerly  been  the  custom,  but  rather  to 
stipulate  that  this  base  (lime)  should  correspond  chomically 
with  the  percent^e  of  acid  constituents  (i.e.  silica  and  alumina 
found  to  be  present  in  the  cement),  the  ratio  of  one  to  the  other 
being  represented  by  the  following  equation  given  in  the 
standard  specification,  which  reads,  "  The  proportion  of  Ume  to 
silica  and  altmiina  shall  not  be  greater  than  the  ratio  repre- 
sented by 

— ^°—  -  2-75 

SiO,  +  Al,o.  -  '  '"■  a 
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This  equation  ia  baeed  on  the  inolecular  weight  of  the  con- 
stitnents  and  not  on  die  percentages,  and  in  order  to  make  tiaa 
method  of  calculation  quite  dear,  let  ub  work  out  the  equation 
on  the  baais  of  the  analysis  of  cement  juat  given,  and  see  if  such 
composition  falls  iindei  the  maximum  limit  of  the  specification. 
Converting  the  chemical  symbols  in  this  instance  into  words, 
we  have  the  following : — 

,.     ""'      .      =  2-76. 
silica  -f-  alnnuna 

The  atomic  weight  of  an  element  is  that  weight  which  is  the 
greatest  oommon  divisor  of  the  various  weights  of  that  element 
oocurring  in  the  molecules  of  its  compounds,  the  atomic  weight  of 
hydrogen  beii^  taken  as  unity. 

GaO.  The  atomic  weight  of  calciam  being  40  and  that  of 
oxygen  16,  and  as  in  lime  (CaO)  we  have  one  atom  of  calcium 
combined  with  one  atom  of  oxygen,  we  have  a  compound  having 
molecular  weight  of  56.  Dividing  61 '  9,  the  percentage  of  lime 
present  in  the  cement  under  discussion,  by  the  molecular  wei^t 
of  lime,  i.e,  66,  we  have — 

56)  61-9  (11-05. 

SiOi.  The  atomic  weight  of  silicon  being  28 '  2  and  that  of 
oxygen  16,  and  as  in  silica  we  have  two  atoms  of  oxygen  com- 
bined with  one  atom  of  silicon,  we  have  a  compound  with  a 
sum  of  atomic  weights  =  60 '  2.  Dividing  22,  the  percentage  of 
eHica  present  in  this  cement,  by  the  molecular  weight  of  silica, 
ie.  60*2,  we  have — 

60-2)  22-00  (0-366. 

AljO^  .Atomic  weight  of  aluminium  being  27  and  that  of 
oxygen  16,  and  as  in  alumina  we  have  two  atoms  of  aluminium 
combined  with  three  atoms  of  oxygen,  we  have  a  compound 
with  a  sum  of  atomic  weights  of  102,  i.e.  27  X  2  -f  16  x  3  s 
102.  Dividing  7 '6,  the  percentage  of  alumina  preeent  in  the 
cement,  by  the  molecular  weight  of  same,  i,e.  102,  we  have — 
102)7-600(0-0745. 

We  now  have  the  data  for  coverting  the  chemical  ^mbola  of 
the  equation  into  figures  as  follows : — 

1-105  l-lQS.o.enB 

0-366  +  0-0745      0-441 
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a  figure  well  within  the  limits  allowed  in  the  new  standard 
speeification  for  cement. 

The  clinker  manufactured  by  the  rotary  process,  as  already 
described,  is  practically  &ee  from  an  admixture  of  fuel  ash ;  and, 
consequently,  althoi^  manufactured  from  the  raw  material  of 
the  same  composition  as  used  by  the  older  proceBses,  the  actual 
lime  present,  the  whole  of  which  is  chemically  combined,  is 
presumably,  thot^h  not  actually,  higher  than  when  burned 
by  the  older  processes,  in  consequence  of  the  absence  of 
ash  mechanically  mixed  with  the  old  process  diuker.  No 
decision,  however,  can  be  arrived  at  as  to  the  quality  of  cement 
merely  on  a  chemical  analysis ;  but  the  data  thus  obtained  is 
extremely  useful  in  coigimction  wit^  results  of  other  tests  to  be 
described. 

Fijieness  ofGrindiyy. — ^As  already  described,  it  is  customary 
with  a  high  class  of  Portland  cement  to  grind  to  very  great 
fineness  as  compared  with  comparatively  recent  practice,  when  a 
cement  containing  16  per  cent,  residue  on  a  SO-mesh  sieve 
(2600  meshes  per  square  inch)  was  quite  common  and  considered 
fine  ground. 

In  ordinary  practice  of  to-day  the  cement  is  ground  so  that 
the  whole  passes  a  BO-mesh  sieve,  as  just  mentioned,  aud  leaves 
residue  as  follows : — 

50  (  2,000  per  aqiMTe  inoli) tmoe   pa  «nL  reddtw. 

76  (  5.776        „        „         ) 1  to  2 

100(10,000        „        «         ) Sto6  „ 

160(82,400        „        „         ) 15  to  20 

In  making  this  test,  which  is  purely  a  mechanical  one,  care 
must  be  taken  first  to  see  that  the  sieve  used  is  made  of  correct 
standard  wire.  It  will  be  readily  understood,  especially  in 
connection  with  the  very  fine  sieves,  such  as  the  100  and  180, 
that  the  diameter  of  the  wire  with  which  the  sieve  is  woven, 
has  an  important  bearing  on  the  size  of  the  hole :  the  larger  the 
wire  the  smaller  the  hole.  If  this  is  not  taken  into  account  it 
will  be  seen,  for  instance,  that  the  lOO-mesh  sieve  might  really 
be  a  finer  sieve  than  the  180  by  reason  of  the  laiger  wire 
leaving  less  relative  space  for  the  passage  of  the  cement  in 
the  100  than  in  the  180.  The  standard  usually  adopted  is  that 
the  diameter  of  the  wire  for  each  difTerent  sieve  shall  in  each 
case  be  equal  to  half  the  diameter  of  the  hole — thus  for  the 

N  2 
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76-iiiesh  sieve  the  diameter  of  the  wire  will  be  0' 0044  inch, 
correspoDding  to  a  t«tal  wire  width  per  inch  of  0 '  3344  inch 
(76  X  0'0044),  or  one^third  of  the  space — thus  each  hole  with 
this  wire  will  be  twice  the  width  of  the  latter. 

For  the  100  (10,000  holes)  sieve,  diameter  of  wire  0-0032 
(100  X  0  •  0032),  total  width  of  wire  0  •  32  inch,  as  nearly  as  can 
.be  one-third. 

For  the  180  (32,400  holes),  diameter  of  wire  0-0018  inch 
(180  xO-0018),  total  width  of  wire  0-324,  again  as  nearly  aa 
possible,  one-third. 

Sieves  of  these  standards  are  readily  obtunable. 

Having  a  sieve  of  the  correct  standard,  great  care  should  be 
taken  not  to  lose  any  of  the  residue  during  shaking,  and  the 
operation  of  shaking  should  be  continued,  especially  with  the 
finer  sieves,  until  no  more  residue  is  coming  through,  which  can 
be  easily  seeo  by  siftiog  over  a  piece  of  white  paper.  The 
residue  is  then  weighed — not  the  fiour  which  has  passed  through, 
which  latter  is  liable  to  loss  during  the  operation  of  sifting. 

Sy  continual  use,  especially  if  kept  in  a  damp  place,  the 
mesh  of  the  vrire  is  likely  to  become  choked  with  fine  cement } 
iQwe  especially  is  this  the  case  with  the  finer  sieves,  in  which 
case,  of  course,  the  results  are  absolutely  misleading  and 
incorrect. 

Sieves  can  be  cleaned  by  washing  in  very  dilute  hydroddorio 
acid  and  afterwards  with  clean  fresh  water,  and  then  thoroughly 
dried. 

Most  of  the  disputes  from  time  to  time  on  the  question 
of  fineness  arise  from  one  or  other  of  these  causes,  and  if  the 
conditions  mentioned  were  followed  much  Mction  would  be 
saved. 

Another  method  of  determining  the  fineness  of  cement  is  by 
means  of  an  apparatus  known  as  the  flourometer.  With  this 
apparatus  air  is  blown  under  a  constant  pressure  through  a 
known  weight  of  cement.  The  process,  however,  is  somewhat 
lengthy  and  tedious,  and  the  results  are  also  variable  if  the 
pressure  is  not  constant  and  uniform,  in  the  same  way  that 
results  of  siftii^  are  variable  when  care  is  not  taken  to  use 
BtAudard  wire  meshes. 

Specific  Oramty. — This  test  has  superseded  the  "  weight  per 
bushel,"  and  is  a  much  more  reliable  test  than  the  latter.  It  is 
not  affected  by  the  fineness  of  grinding,  which  destroys  entirely 
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the  value  of  the  "  weight  per  bushel "  teat.  This  test  is  applied 
as  a  measure  of  the  calcination  to  which  the  cement  has  been 
subjected,  as  should  there  be  any  considerable  proportion  of 
underbumt  or  lightly  combined  clinker  present  in  the  cement, 
which  would  be  likely  to  cause  unsoundness,  the  specific  gravity 
would  fall  below  3  *  125,  which  is  taken  approximately  as  the 
standard  for  well-burat  cement. 

This  test  is  also  affected,  as  is  the  chemical  analysis,  by 
exposure  to  the  atmosphere,  and  in  every  case  the  conditions  of 
sampling  for  this  test,  as  for  that  for  analysis  previously  de- 
scribed, should  be  enforced. 

As  is  well  known,  the  specific  gravity  of  a  substance  denotes 
the  ratio  of  the  weight  of  any  volume  of  that  substance,  as 
compared  to  an  equal  volume  of  pure  water  at  its  point  of 
maximum  density,  4°  C.  or  39°  "9  F. 

Well-burned  fresh  cement  is  3  *  125  times  heavier  than  water; 
bat  it  will  be  readUy  understood  that  if  the  cement  is  allowed 
to  combine  with  varying  proportions  of  water  and  carbonic 
anhydride  before  the  specific  gravity  test  is  made,  there  will  be 
a  reduction  in  the  relative  weight  or  specific  gravity  in  direct 
proportion  to  the  amount  of  absorption.  Samples,  therefore, 
should  be  kept  in  hermetically  sealed  vessels  out  of  contact 
with  the  air. 

This  test,  when  required,  is  usually  carried  out  by  the  expert 
engaged  to  examine  and  report  on  the  cement,  who  la  of  course 
fully  aware  of  all  the  conditions  under  which  the  teat  has  to  be 
carried  out. 

When  such  is  not  the  case,  and  the  test  is  made  at  the 
works,  great  care  must  be  taken  to  get  reliable  results.  The 
system  consists  in  measuring  the  volume  of  a  ^ven  weight  of 
cement  in  some  liquid  not  affecting  the  cement.  Petroleum 
free  from  water  is  the  most  convenient  medium ;  but  care  must 
be  taken  to  record  carefully  the  temperature  of  the  petroleum 
and  apparetus  at  the  commencement  of  the  operation,  and  to 
see  that  the  same  temperature  Is  restored  before  reading  the 
displacemeDt  caused  by  the  introduction  of  the  cement.  If  this 
is  not  done,  the  volume  of  the  cement  added  to  the  petroleum 
will  be  recorded  plus  the  expansion  of  the  petroleum,  or  viee 
veraA. 

Setting  !I\me. — The  new  standard  specification  provides  for 
cement  of  various  Betting  times,  and  describes  these  as  follows : — 
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"There  shall  be  three  distinct  gradatioDs  of  aetdng  tim^ 
which  shall  be  designated  as  '  Quick,'  '  Medium,'  and  '  Slow.' 
"  Quick. — The  setting  time  shall  be  not  less  than  ten 

minutes,  nor  more  than  thirty  minutes. 
"  Medium. — The  setting  tame  shtdl  be  not  less  than  half- 

an-hour,  nor  more  than  two  hours. 
"  Slow. — The  setting  time  shall '  be  not  less  than  two 
hours,  nor  more  than  five  hoois." 

Here,  again,  the  cement  supplied  by  a  manufactorer  to  a 
required  setting  time  may  vary  considerably  in  its  setting 
characteristics,  in  accordance  with  the  amount  of  aeration  to 
which  the  sample  ia  subjected ;  and  this  unavoidable  vaiiation, 
due  to  atmospheiie  causes,  is  a  fruitful  source  of  trade  disputes. 
The  cement  diould,  as  &t  as  possible,  be  tested  as  receiyed. 

The  method  for  teoting  the  setting  time  most  in  &vour  is 
that  of  the  use  of  a  weighted  "  needle,"  haviag  a  point  ^inch 
square  and  weighing  in  all  2^  lb.  The  cement  is  not  considered 
set  so  long  as  an  appreciable  impression  is  made  when  t^e 
needle  ia  carefully  applied  to  the  surface  of  the  pat. 

In  ganging  the  pat  for  this  test,  suf&cient  water  should  be 
used  to  make  a  plastic  mass,  but  care  must  be  taken  not  to  use 
an  excess  of  water,  which  would  result  in  a  scum  on  the  suifaoa 
of  the  pat,  which  would  make  observation  of  tiie  real  impressionB 
diMcult  and  lead  to  divergent  results. 

Many  cements,  especially  those  of  a  alow-setting  character, 
vrill  continue  to  show  faint  impressions  up<m  application  of  the 
needle  long  after  the  actual  "  setting "  has  taken  place,  which 
will  continue  until  the  superficial  hardening  of  the  pat  prevents 
any  further  marking. 

In  cements  of  this  description  experience  only  can  guide  one 
in  fixing  the  point  when  setting  is  complete  and  hardening  in 
progress. 

The  temperatnre  and  humidity  of  ^e  surrounding  atmo- 
sphere also  plays  a  not  inconsiderable  part  in  the  action  of  the 
setting  of  cement.  A  hot  dry  atmosphere  will  tend  to  more 
rapid  setting,  whereas  very  low  temperature  will  seriously  retard, 
if  not  entirely  {nrevent,  the  setting  of  cement.  As  far  as  possible 
a  normal  temperature  of  62°  F.  and  a  moist  atmosphere  should 
be  maintained  in  the  laboratory.  Fats  should  alwaya  be  made 
on  glass  or  some  other  non-absorbent  material,  and  kept  in  sach 
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a  posiLion  tliat  undue  evaporation  of  the  gauging  water  is  pre- 
vented. 

Very  slov  setting  cements  frequently  show  contraction 
cracks  while  setting  from  this  cause,  the  water  being  evaporated 
before  the  chemical  action  by  ciystalliaation  is  complete,  with 
consequent  shrinkage.  There  is  no  difficulty,  however,  in  dis- 
tinguishii^  between  a  contraction  and  an  expansion  ciack.  The 
former,  however,  is  frequently  taken  for  the  latter,  causing  much 
consternation  and  unnecessary  trouble  and  anxiety  to  the  con- 
sumer and  annoyance  to  the  manufacturer,  who,  having  supplied 
what  has  been  required  of  him,  cannot  control  the  forces  of 
nature.  In  testing  slow-setting  cements  for  setting  time  it  is 
always  advisable  to  take  special  precautions  against  evapora- 
tion ;  Uie  pats,  when  gauged,  should  be  covered  or  placed  in 
some  receptacle  in  which  the  atmosphere  can  be  kept  moist  until 
the  settit^  is  complet& 

The  briquettes  shall  bear  on  the  averse  not  less  than  the 
foUowing  tensile  streeaes  before  breaking  : — 

7  daja  after  ganging 400  Ib.ptt  aq.  inoh  of  teoluai. 

28  „  „  500  „  „ 

The  increase  &om  7  to  28  days  shall  not  be  less  than 

ZS  per  cent  when  the  7-6aj  teat  bill  between  400  lb.  and  490  lb.  pet 

Bq.  inch  section. 
20  per  oent  wben  the  7-daj  tert  falla  between  450  lb  and  5001b.  per 

aq.  inch  aaotion. 
19  per  oent  wheo  the  T-da;  tert  taUa  between  500  lb.  and  550  lb.  per 

aq,  inoh  aeotioa. 
10  per  oent  when  the  7-da;  teit  la  550  lb.  per  aq.  iitoh  or  apwwds. 

TenaiU  StreagGi, — Much  has  been  written  from  time  to  time 
concerning  the  methods  of  conducting  this  test  for  mechanical 
strength,  but  time  wiU  not  permit  of  going  very  closely  over 
the  ground. 

In  the  hands  of  the  expert  there  is  little  difficulty  in  con- 
dacting  this  test,  but  in  Hm  bands  of  the  novice  the  reputation 
of  the  manufactured  article  is  everlastingly  trembling  in  .the 
balance. 

Care  should  be  taken  that  moulds  are  thoroughly  clean  and 
free  from  any  excess  of  lubrication. 

Neat  cement  for  this  test  should  always  be  taken  in 
weighed  quantities}  and  the  water,  thoroughly  clean,  always 
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measured,  so  that  a  record  is  always  available  Gonceming  the 
briquette. 

Briquettes  should  always  be  made  singly,  especially  when 
the  cemeDt  is  quick  setting.  The  custom  of  gauging  enough 
cement  at  one  time  to  fill  several  moulds  is  very  objectionable 
and  frequently  leads  to  most  unreliable  results,  the  first  briquette 
and  perhaps  the  second,  turn  out  all  right,  but  the  remainder 
fall  short  of  the  required  strength,  because,  forsooth,  the  cement 
had  commenced  to  set  before  the  briquettes  were  finished.  The 
setting  of  the  cement  having  been  thus  broken  up,  the  chemical 
action  due  to  setting  is  never  again  thoroughly  complete.  Again, 
it  is  objectionable  to  use  nests  of  moulds,  say  four  or  six,  as  is 
frequently  doae,  even  if  the  briquettes  are  gauged  singly,  as 
wilik  a  moderately  quick  setting  cement  in  the  hands  of  the  in- 
experienced the  packing  of  the  last  briquette  disturbs  by  vibnt- 
tioD  the  setting  of  the  first  of  the  series,  which  may  have  already 
commenced  to  set 

Each  mould  should  be  quite  separate  and  distinct,  and, 
when  filled,  placed  where  no  vibration  can  distnrb  it. 

It  is  only  slow-setling  cements  that  escape  lailure  under 
these  two  headings  in  the  hands  of  the  inexperienced. 

All  briquettes,  whether  seat  or  with  sand,  when  first  ganged 
should  remain  in  the  mould  for  twenty-four  hours,  and  be  k^t 
in  a  damp  atmosphere  at  normal  temperatures  during  the  whole 
of  that  period.  They  are  then  carefully  removed  for  immersion 
in  water,  in  accordance  with  the  requirements  of  the  specification. 

The  quantity  of  water  to  be  used  for  gauging  should  be  that 
quantity  which  will  produce  a  plastic  condition  when  the  cement 
is  packed  in  the  mould ;  but  care  should  be  taken  that  tb^ 
cement  is  kept  in  the  form  of  a  damp  powder  until  packed  in 
the  mould,  when  slight  tapping  will  so  consolidate  it  as  to  render 
it  plastic  If  the  cement  is  trowelled  into  a  plastic  mass  before 
being  placed  in  the  mould,  the  air-bubbles  in  the  mixture  cannot 
be  excluded  and  a  briquette  full  of  air  spaces  will  result.  If 
packed  into  a  mould,  however,  in  the  form  of  a  damp  powder, 
the  air  escapes  before  plasticity  is  reached,  and  a  solid  and 
homogeneous  briquette  is  the  result. 

The  quantity  of  water  ranges  from  18  per  cent,  to  22  per 
cent,  in  accordance  with  the  fineness  aud  setting  properties  of 
the  cement  under  test ;  and  a  trial  should  be  made  vrith  one  or 
two  briquettes  to  discover  the  most  suitable  quantity  of  water. 
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which,  if  not  s&tisfactoiy,  should  not  be  included  in  the  seiies 
&om  which  the  test  records  are  to  be  made. 

For  "  sand  testa  "  none  but  the  Standard  Leighton  Buzzard 
testing  sand  should  be  used.  This  material  is  readily  obtainable, 
and  is  of  such  finaness  that  all  passes  a  20'  mesh  sieve  (400  holes 
per  square  inch)  and  is  retained  on  s  30*  mesh  sieve  (900 
holes  per  square  inch).  Before  use,  this  sand  should  be  tested 
as  to  its  behavionr  on  sieves  of  this  description,  so  that  any  coarse 
particles  or  fine  powder  may  be  eliminated. 

All  the  precautions  recommended  for  the  making  of  neat 
briquettes  apply  equally  when  making  briquettes  containing 
three  parte  or  any  other  number  of  parts  of  sand  to  one  part  of 
cement.  The  quantities  should  always  be  taken  by  weight  and 
nut  by  measure.  The  percentage  of  water  most  suitable  ranges 
from  6  to  10  per  cent,  of  the  weight  of  the  dry  mixture. 

The  hnqnettes  during  immersion  should  be  kept  as  nearly 
as  possible  at  an  even  temperature ;  great  extremes  should  be 
avoided. 

Briquettes  should  be  broken  at  the  due  datee,  immediately 
after  being  taken  from  the  water,  and  should  not  be  left  about  to 
dry  before  being  tested. 

Whatever  form  of  breaking  machine  is  used,  care  should  be 
taken  that  the  briquette  is  placed  evenly  and  squarely  in  the 
clips,  so  that  when  the  strain  is  applied,  the  pull  is  even  on  all 
parts  of  the  square  inch  section,  and  no  side  strains  are  set  up, 
the  latter  resulting  in  defective  fracture  and  irregular  results. 

It  is  important  also  that  the  strain  should  be  applied  evenly, 
and  at  a  uniform  rate.  The  standard  usually  adopted  provides 
for  the  application  of  the  strain  at  the  rate  of  400  lb.  per  minute 
— very  irregular  results  will  be  obtained  if  care  is  not  taken  in 
this  parUcolar. 

An  average  of  results  of  five  briquettes,  both  in  the  case  of 
neat  and  sand  testa,  are  usually  sufBcient  for  conclusions  to  be 
arrived  at  as  to  tensile  strength.  The  results,  however,  of  any 
apparently  fiiulty  briquette  giving  exceptionally  low  results 
should  be  eliminated,  as  it  is  evident  the  fault  must  be  due  to 
manipulation,  as  whatever  strain  the  average  number  of  bri- 
quettes of  the  series  may  be  capable  of  standing,  all  should  do 
under  like  conditions. 

Soundiiess. — ^A  great  deal  has  been  vrritten  on  this  subject, 
and  much  useful  informatioQ  is  obtainable  from  works  of  re- 
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ference  tireating  the  subject  of  Portland  cement.  Tbe  test  is  of 
perhaps  more  importance  than  saj  other  test  to  which  cement  ia 
subjected. 

Portland  cement  nsed  as  a  constmctiTe  material  takes  a  long 
period  of  time  to  arrive  at  its  maximum  strength,  and  sometimes 
long  intervals  elapse  after  use  befoia  defects,  if  any,  begin  to 
show  themselves. 

The  tests  for  sonndneBS  consist  chiefly  of  exposing  a  set 
cement  to  varioos  high  temperatures  in  water,  in  order  to  hasten 
the  oltimate  results  likely  to  be  obtained  under  various  climatic 
conditionB. 

Many  teste  of  a  more  or  less  stringent  character  have  been 
introduced ;  the  moat  severe  being  the  boilii^  teet  There  are 
various  methods  of  carrying  out  this  test^  but  the  most  rational 
and  severe  is  that  known  as  the  Le  Ohatelier  method. 

The  apparatus  for  conducting  this  teet  conaists  of  a  small 
split  cylinder  of  spring  brass  or  other  suitable  metal,  30  milli- 
metres internal  diameter  and  30  millimetres  high,  so  arranged 
that  the  expansion  of  the  cube  of  cement,  when  boiled,  can  be 
measured. 

This  is  the  most  stringent  test  for  soundness  in  use,  and  has 
an  advantage  over  all  other  tests,  which  only  record  expansion 
without  any  means  of  measuring  the  amount  of  same.  It  ens, 
however,  on  the  side  of  severity,  as  thousands  of  tons  of  cement 
manufactured  in  the  past — which  have  resulted  in  splendid  work 
— and  much  cement  that  may  be  manufactured  in  the  future, 
which  may  also  do  good  work,  would  iail  to  pass  this  most 
stringent  test. 

Modern  AppLiaA.TioN. 

The  great  success  that  attended  the  early  efforts  to  construct 
with  Portland  cement  concrete  reinforced  with  iron  or  steel,  has 
led  in  the  last  few  years  to  great  advances  in  this  mode  of  oon- 
struction. 

These  etnictnreB  combine  lightness,  graceful  lines  and  fire- 
resisting  qualities,  as  has  been  demonstrated  often  in  actual  con- 
flagrations, as  in  the  gi«at  fire  at  Antwerp,  where  it  was  farther 
shown  that  half-an-inch  to  an  inch  of  concrete  surrounding  the 
steel  bars  was  ssGBcient  to  prevent  any  ill  effects. 

The  materials,  oonct«te  and  steel,  are  scientifically  combined 
BO  that  tbe  tensional  strains  are  taken  by  the  steel  bars  and  the 
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oompreasional  atrains  by  Uie  ooncrete,  the  tension  and  compres- 
sion membeiB  of  a  beam  b^ng  connected  by  steel  Btirrups 
Buitably  distiibuted  along  the  length  of  the  beam,  makiitg  a 
solid  and  compact  girder  capable  of  bearing  the  heaviest  loads. 

Ferro-concrete  has  been  h^^tly  desoribed  as  a  new  matarial. 
As  an  example  of  this,  it  may  be  mentioned  that  ferro-concrete 
beams  show  under  teat  ten  times  the  elongation  without  showing 
any  cracks  or  sign  of  disintegration  that  a  similar  beam  of  con- 
CTete  only  will  give. 

Bnildings  constructed  on  this  system  show  great  absence  of 
vibration  where  high-speed  machinery  is  in  nse,  owing  to  the 
monolithic  nature  of  the  structore,  in  which  every  part  is 
solidly  bonded  to  every  other  part,  &om  foundations  to  roof, 
without  a  single  joint,  bolted,  riveted  or  otherwise.  This  fact 
also  makes  theee  buildings  very  sanitary,  aa  no  rodents  or 
microbes  can  attadc  the  material  or  find  harbourage  in  it 

The  nature  of  Uie  work  entailed  is  so  essentially  simple  that, 
beyond  a  few  leading  hands,  only  nnskilled  labour  is  rec[uired  to 
carry  out  the  largest  works,  and  the  impermeable  nature  of  fine, 
well-rammed  Portland  cement  concrete  makes  this  material  an 
excellent  non-conductor,  ensuring  an  equable  temperature  in 
ferro-concrete  buildings. 

From  the  first  it  was  evident  that  the  ordinary  laws,  formulas 
and  mel^ods  of  calculation  used  for  ordinary  materials  could 
not  be  applied  in  structures  composed  of  such  heterogeneous 
substances  as  concrete  and  steel.  However,  utimerous  attempts 
were  made  to  use  ordinary  methods  in  making  due  allowance 
for  the  difference  between  the  coefficients  of  elasticity  of  the 
two  materials.  Up  to  now  these  attempts  seem  to  have  been 
abortive. 

In  practice  these  structures  are  usually  tested  within  a  very 
few  weeks  after  completion,  with  loads  50  per  cent,  in  excess  of  the 
calculated  load.  The  deflection  is  measured — which,  in  the  case 
of  floors,  rarely  exceeds  one-thousandth  part  of  the  span  under 
test ;  and  so  reliable  has  this  method  of  construction  become, 
that  a  maximum  deflection  of  one  six-hundredth  part  is  often 
guaranteed ;  and  it  is  expected,  when  the  load  has  been  removed, 
tiiat  the  floor,  owing  to  the  elasticity  of  ferro-concrete,  will  re- 
gain its  former  level,  or,  at  any  rate,  that  the  deflection,  if  any, 
will  be  quite  inappreciable.  And  how  could  it  be  otherwise, 
when  it  is  considered  that  any  stress  applied  to  any  part  of  a 
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well-made  ferro-concrete  floor  affecta  not  merely  the  part  mider 
load  but  also  a  very  large  area  of  the  floor  aorroaading  the  part 
ander  observation  ?  This  is  dne  to  the  absolute  monolitJusm  of 
the  work. 

AH  kinds  of  work  have  been  carried  ont  in  this  material — a 
few  examples  of  which  will  be  shown  yon  directly  on  the  screen ; 
but  it  is  well  to  mention  hare  one  of  ttie  moat  atartling 
applications  of  ferro-concrete,  namely,  piles.  Many  thous^ds 
of  these  have  been  driven  with  the  utanost  success  into  all 
natures  of  ground  by  the  ordinary  piling  engines  used  for 
timber  piles.  The  piles  are  calculated  as  beams,  aa  they  have 
to  be  lifted  in  all  sorts  of  positions,  and  the  eteel  akeletons  are 
calculated  and  arranged  to  soit  the  varying  loads  to  be  canied 
and  in  accordance  with  the  nature  of  the  ground  to  be  jnerced. 
Lengths  up  to  70  feet  have  been  driven,  and  the  punishment 
inflicted  with  impunity  has  in  some  cases  been  very  severe. 
Hecently  one  of  these  piles  was  driven  for  three  whole  days 
with  a  30  cwt  monkey,  and  received  no  less  than  10,972  blows 
without  breaking. 

The  cost  of  ferro-concrete  piles  is  somewhat  in  excess  of 
timber,  but  the  number  required  is  smaller,  and  the  cost  of  the 
structure  is  leas  than  if  the  timber  piles  had  been  adopted. 

Where  it  is  desired  to  erect  a  structure  on  bad  ground 
incapable  of  carrying  heavy  loads,  ferro-concrete  is  eepedally 
suitable,  and  results  in  large  economies. 

The  question  of  the  protection  afforded  to  the  steel  skeleton 
by  the  concrete  from  t^e  action  of  sea-water  has  often  bem 
demonstrated,  and  was  recently  raised  f^ain  when  some  old  pile 
heads,  which  had  been  cut  off  in  the  making  of  a  jetty  at 
Southampton  some  seven  years  ago,  and  which  had  since  lain  on 
the  foreshore,  alternately  covered  and  uncovered  by  the  tides 
(four  times  a  day  in  this  instance)  were  taken  np,  and  the 
concrete  stripped  away  from  the  steel  bars.  Although  the 
protruding  ends  of  tlie  bars  had  completely  rotted,  it  was  found 
that  even  only  ^  inch  under  the  concrete  the  bars  were  as  bright 
aa  when  they  left  the  rolls  of  the  miU. 

Ex)>erience  shows  us  that  oxide  of  iron  cannot  exist  in  con- 
tact with  concrete,  and  that  rusted  bars  embedded  in  concrete, 
will  in  the  course  of  a  month  or  so  be  as  bright  as  new,  the  rust 
having  been  deoxidised  and  formed  into  a  ferrite  of  calcium, 
which  forms  a  protective  skin  round  the  bars. 
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It  most  alao  be  borne  in  mind  that  concrete  naed  in  ferro' 
concrete  ia  different  from  ordinary  concrete  both  in  its  composi- 
tion, in  its  make,  and  in  the  way  it  ia  employed.  It  is  composed 
of  inaterialB  of  small  Tolume  (}  of  an  inch  maximum  for  the 
gravel  or  stone),  and  the  materials  nsed  mast  be  clean.  The 
proportions  of  sand  and  stone  are  always  adjusted  bo  as  to  give 
a  concrete  quite  fall ;  it  is  nsed  in  small  quantities  at  a  time 
and  so  vigorously  rammed  that  no  cavities  or  porosity  are  at  all 
possible.  Pieces  have  been  repeatedly  cut  out  of  work,  weighed, 
immersed  a  long  time  in  water,  then  weighed  again.  The  ab- 
sorption was  practically  niL  iNnmerous  water-towers  have  been 
constructed  ;  the  thickaesa  of  the  walls  of  the  reservoirs  rarely 
exceeds  5  inches ;  they  are  perfectly  water-tight,  and  this  with- 
out the  help  of  any  lining  such  as  asphalt. 

The  adherence  of  concrete  to  steel  has  been  questioned 
sometimes,  but  the  coef&cient  of  adherence  has  been  repeatedly 
determined.  It  is  approximately  570  lb.  per  square  inch  of 
metal  in  contact  with  the  concrete.  The  value  is  auch  that  it 
justifies  the  practice  of  some  ferro-concrete  builders  who  only 
reckon  on  concrete  to  make  the  junction  between  the  different 
metallic  parts  of  a  structure.  As  r^ards  the  expansion  of  con- 
crete and  steel,  their  coefficients  have  been  demonsta^ted  to  be 
identical  up  to  the  fifth  place  of  decimals ;  so  in  practice  they 
may  be  considered  equal. 


DISCUSSION. 

The  PRBSIDENT :  Now,  gentlemen,  I  wish  on  your  behalf  and 
my  own,  to  move  a  hearty  vote  of  thanks  to  Mr.  Bamber  for 
his  excellent  paper.  It  hss  been  made  so  much  more  interesting 
l^  the  biograph  and  other  pictures  ahown  by  the  lantern. 
When  those  views  were  exhibited  on  the  screen,  I  could  not  help 
throwing  my  memory  back  to  the  time,  some  fifteen  or  sixteen 
years  ago,  when  I  went  over  some  cement  works.  Then  I  was 
very  nearly  choked  with  dust,  beside  being  covered  from  head  to 
foot  with  the  same  material,  and  when  I  came  away  I  could  not 
help  asking  myself  whether  the  game  was  worth  the  candle.  I 
doubt  whether,  if  I  had  been  asked  to  go  over  the  works  again 
in  a  month's  time,  I  would  have  accepted  the  invitation.  To- 
night we  have  seen  all  the  processes  of  manufacture  in  comfort 
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and  without  being  coveted  with  dnat.  You  will  agree  with  me 
that  a  very  hearty  vote  of  thanks  ia  due  to  Mr.  Bamber  for 
writing  the  paper  and  for  coming  here  to  read  and  illnsbate  it 
I  should  like  to  inoorptnate  with  that  a  vote  of  thanks  to  M.  De 
Yesian  for  giving  us  the  illitetrationa  of  ezamplee  of  ferro-con- 
crete  work.  Gurioosly  enough  on  Wednesday  last  I  visited 
Liverpool  and  saw  the  Burlington  Steeet  bridge,  which  has  been 
shown  to  us  to-night  on  the  screen.  That  bridge  has  been  pat 
up  under  the  snpervision  of  Mr.  Brodie,  the  city  engineer  of 
Liverpool.  My  object  in  going  there  was  to  try  and  induce  my 
county  council  to  construct  a  bridge  of  similar  material  across 
the  Severn.  The  Burlington  Street  bridge  at  Liverpool  was  the 
nearest  bridge  of  the  kind  to  Shropshire,  and  as  it  was  in  course 
of  construction,  we  were  invited  to  go  and  look  at  it.  One  half 
of  the  bridge  was  open  to  traffic,  and  heavy  vehicles  were  passing 
over  it,  while  the  other  half  was  being  constructed.  It  is  not  an 
arch  but  a  girder  bridge.  I  think  you  have  had  a  sufKcient 
demonstration  to-night  that  ferro-concrete  ia  a  useful  as  well  aa 
a  new  material  for  construction  work.  We  have  in  combination 
two  very  strong  materials — steel  and  cement.  We  know  that 
nnder  the  new  process  of  cement  manufacture — the  rotary  pro- 
cess— ^we  get  the  very  beet  results  &om  the  cement  We  know 
also  what  steel  will  do ;  and  in  the  combination  of  the  two  we 
get  a  material  which  will  open  a  new  era  in  construction  work— 
the  ferro-concrete  era.  We  have  seen  that  large  buildings,  grain 
silos,  manufactories,  aiid  other  buildings,  where  heavy  merchan- 
dise has  to  be  stored,  can  be  erected  of  this  material  without  any 
disaster.  We  have  also  bridges  of  lai^  span  which  have  been 
erected  in  ferro-concrete  on  the  Cont^ent  We  have  not  any 
experience  of  such  examples  of  construction,  I  believe,  in  this 
country  ;  the  bridge  with  the  widest  span,  constructed  of  this 
material  in  this  country,  ia  45  feet.  But  I  believe  before  long, 
we  shall  have  bridges  of  much  larger  span.  I  ask  yon  to  join 
vrith  me  in  giving  a  hearty  vote  of  thanks  to  Uiese  gentlemen  for 
the  trouble  they  have  been  to  in  presenting  information  to  the 
Association. 

The  vote  having  been  accorded  with  acclamation, 

Hi.  H.  K.  G.  Bahber,  in  r«ply,  said  :  I  thank  yon  for  the 

hearty  vote  of  thanks  yon  have  given  to  M.  De  Yesian  and 

myself.     It  has  been  a  great  pleasure  to  me  to  come  here  and 

tell  yon  all  about  this  very  interesting  subject     To  me,  per- 
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sonall^,  the  most  interesting  part  of  this  evening's  meeting  has 
been  the  description  of  feiro-concrete  work  by  M.  De  Yesian. 
Portland  cement  is  a  very  fiuniliar  subject  with  me ;  construc- 
tion in  feiTo-concrete  is  a  new  subject  and  a  very  interestiiig 
one.  We  are  very  conservative  in  England,  and  it  is  a  pity  we 
have  allowed  the  foreigner  to  get  so  far  ahead  of  us  in  this  new 
form  of  construction.  It  is  only  necessary  to  convince  you  that 
you  have  an  economical  Mod  of  material,  and  one  whidi  shows 
greater  stability  than  the  old  form  of  construction,  for  you  to 
sweep  away  the  whole  of  the  difficulties  which  exist  with  respect 
to  this  form  of  construction.  I  believe  at  present  these  difficulties 
are  considerable,  under  certain  by-laws,  but  it  only  needs  your 
help  to  get  tJbem  swept  away. 
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MIDLAND  DISTRICT  MEETING  AT 
MARKET  HARBOROUGH. 

May  13,  1905. 

Held  at  Vie  District  Council  Offices,  MarkU  ffarborough. 
A.  T.  Davib,  M.  Inst.  C.E.,  President,  in  the  Chair. 


The  Chairman,  Mr.  J.  L.  Donglaas,  and  Members  of  the  Diatrict 
Council  received  the  Members  and  oSTered  them  a  hearty 
welcome  to  the  town. 

The  President,  on  behalf  of  the  Anaociation,  thanked  the 
Chairman  for  the  cordial  welcome  he  had  given  tbem. 

Mr.  H.  Richardson,  Honorary  Secretary,  read  the  minntes  of 
the  last  District  Meeting  at  Birmingham,  which  were  confirmed. 

The  following  papers  were  then  read  and  discussed. 


NEW  CATTLE  MARKET  AT  MARKET 
HARBOROUGH. 

By  HERBERT  G.  COALES,  Assoc.  M.  Isst.  C.E.,  F.S.1. 

It  must  be  evident  to  anyone  that  the  first  name  in  Market 
Harborough  points  to  its  having  been  loohed  upon  in  the  pastas 
an  important  market  town.  In  1219,  in  the  reign  of  Henry 
III.,  we  find  an  entry  in  the  Close  Rolls  referring  to  Harboroogh 
Market;  and  another  in  1221,  wherein  the  King  allows 
Harborough  Market  to  be  changed  from  Monday  to  Tuesday,  on 
which  day  it  is  still  held.      From  the  town  documents  of  the 
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BOROUGH    CATTLE    MARKET — PLATE 


Plan  of  Auctioneers'  Offices. 


Plan   of  SLAUfJHTEE-HoUSES, 
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time  of  Henry  VI.,  we  leani  that  HRrborongli  once  liad  a 
market  cross,  but  it  was  taken  down  in  1615,  for  which  the 
townamon  paid  the  workmen  Is.  8d.,  and  4d,  for  carrying  tba 
cross  atones  to  the  "  Earn  "-yard. 


Old  Mabeet  PlacB, 

Previous  to  the  hoilding  of  the  new  market  in  1903,  thd 
markets  were  held  in  the  streets  of  the  town  from  time  imme< 
morial ;  and,  until  a  recent  date,  what  is  now  known  as  "  The 
Square "  was  called  the  "  Sheep  Market,"  because  here  were 
penned  sheep,  pigs,  and  calves.  The  high  street  was  used  as  a 
pitch  for  cattla  The  condition  of  Market  Harboroogh  in  the 
past  on  a  market  day  may  be  imagined,  and  more  especially  on 
a  fair  day,  when  perhaps  upwards  of  2000  beasts  would  be  in 
possession.  It  had  been  the  privil^e  of  the  Lords  of  the  Manor  to 
take  tolls  on  all  animals  coming  into  the  town  on  a  market  day, 
but  in  1874,  a  gentleman  freed  the  owners  of  the  cattle  from 
the  obligation,  by  the  payment  of  a  lump  sum  to  the  Lord  of 
the  Manor.  The  exaction  of  the  tolls  had  in  past  times  carried 
with  it  certain  dnties  on  die  part  of  the  lord,  including  the 
protection  of  the  stock  and  persons  using  the  market,  and 
probably  the  cleansing  of  the  streets.  But  these  duties 
f;radually  disappeared,  and  the  pablic  authorities  had  the 
expense  thrown  upon  them. 

Market  Harborough  is  situate  in  the  rich  feeding  land  of 
the  Welland  Valley.  A  ploughed  field  is  the  exception,  and  aa 
there  is  so  much  grass-land  on  which  beasts  may  be  grazed  and 
fattened,  it  is  not  surprising  that  the  establishment  of  a  market 
became  an  obvious  necessity.  Two  vet;  important  and  well 
attended  cattle  fairs  are.  held  annually,  one  in  October  and  the 
other  in  April,  the  average  number  of  beasts  pitched  being  from 
1800  to  2000  at  each. 


Kew  Market  Place. 

Such  then  were  the  conditions  when  in  August,  1900,  a  poU 
of  the  inhabitants  was  taken,  as  to  whether  the  Council  should 
or  should  not  purchase  the  market  rights,  and  establish  a  proper 
up-to-date  market  place,  other  than  in  the  streets  of  the  town. 
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The  poll  resulted  in  858  voting  for  the  purchase,  and  739 
against.  Negotiations  were  entered  into  with  Lord  Bamaid,  the 
present  Lord  of  the  Manor,  and  the  market  rights  were  purchased 
for  2455/.,  and  12  acres  of  grass  land  in  a  central  and  accessible 
position,  at  the  very  moderate  price  of  under  300/.  per  acre,  or 
a  total  of  5967/.  for  the  market  rights  and  the  land. 

A  plot  of  building  land  was  ^o  acquired  on  the  St  Mary's 
Itoad  for  600/.,  by  which  the  proposed  new  market  could  be 
connected  by  a  bridge  with  the  main  thoroughfare  leading  to 
the  joint  railway  station,  should  it  in  the  future  be  found 
desirable  so  to  do.  In  addition  Iiord  Barnard  presented  the 
Fair  tolls  to  the  town. 

The  site  is  served  by  three  roads,  Sprii^eld  Street  on  the 
south,  Kettering  Goad  on  the  east,  and  Northampton  Road  for  a 
short  length  on  the  west.  The  northern  boundary  is,  for  the 
most  part,  the  river  Welland.  The  distance  from  the  centre  of 
the  town  is  200  yards,  and  700  yards  from  the  joint  station  of 
the  Midland  and  London  and  North-Western  Bailways. 

The  Author  prepared  preliminary  sketch-plans  for  laying  onb 
the  intended  market,  and,  with  a  deputation  consisting  of 
Messrs,  Hopton,  Douglass,  Flint,  and  Clark  (Members  of  the 
Council),  visited  various  markets  with  the  object  of  benefiting 
by  the  experience  of  other  towns.  A  report  was  submitted  to 
and  adopted  by  the  Council  recommending  the  accommodation 
to  be  made,  and  appointing  the  Author  engineer,  upon  mutually 
agreeable  terms.  The  Author  had  the  co-operation  of  his 
partner,  Mr.  H.  Winter  Johnson,  F.E.I.BA.,  throughout  the 
scheme,  but  more  especially  in  respect  to  the  architectural 
portion  of  the  work.  It  is  hoped  the  following  description  of 
the  works  may  be  interesting  to  the  Members  of  the  Association. 

Qmeral  Arrangement. — The  6  acres  of  land  nearest  the  town 
are  laid  out  for  the  market  proper,  the  remaining  6  acres  being 
used  for  open  lairages  for  the  stock  attending  the  market. 

There  are  three  entrances :  the  principal  one,  and  the  nearest 
to  the  town,  being  from  the  Northampton  Boad,  whereat  sheep, 
calves  and  pigs  are  admitted  ;  the  other  two  entrances  are  botli 
from  Springfield  Street,  for  the  use  of  beasts  and  horses. 

The  shedding,  placed  on  the  north  side  of  the  sit«,  affords  as 
much  shelter  as  possible  for  the  market  &om  cold  winds. 

Aeeommodation. — The  following  pen  accommodation  is  pro- 
vided:— 
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1200  Cattle  to  be  told  printelr-      I        1720  Slieq>  to  be  lold  by  ^notion. 
400  Cattle  to  be  told  b;  snotion.  SOO  Figi  in  abed. 

440  Sheep  to  be  sold  prirfttelj.       |  102  C»lTe»  in  ahed. 

In  addition  there  is  a  shed  for  pooltry,  and  a.  space  set  apart 
foi  a  show  grotind  for  horses ;  also  a  pitch  for  agricultural  im- 
plements, hay,  roots,  etc. 

A  good  deal  more  stock  can  be  accommodated  than  indicated 
above  during  fairs,  or  on  emergency,  on  the  roads  and  open 
spaces  of  the  market. 

Accommodation  for  Auctioneers. — There  are  four  sale  rings  for 
cattle,  designed  wiUi  a  view  to  the  convenience  of  buyers,  vho 
can  readily  see  the  animals  as  they  are  passed  along  to  the 
selling  ring,  without  incurring  any  danger  of  injury  from  them. 
The  iron  fencing  and  paving  are  as  described  for  the  other  cattle 
pens,  with  the  addition  of  gates  and  gullies  as  required. 

A  plank  is  fixed  along  the  centre  of  the  sheep  pene,  above  the 
fencing,  from  which  the  aactioneer  sells. 

Aactioneers'  offices  are  built  in  the  centre  of  the  market 
between  the  sheep  and  the  beast  pens,  and  each  is  let  on  lease 
at  10/.  per  annum. 

Lfoels. — The  northern  and  eastern  parts  of  the  land,  being 
liable  to  floods,  were  made  np  to  above  flood  level  with  surplus 
earth  excavated  from  the  southern  and  western  parts.  The 
fields  had  originally  a  fall  of  5  feet  firom  the  south-west  to  the 
north-east  comers  :  now  the  fall  is  2  feet,  or  a  gentle  gradient 
of  1  in  335. 

In  addition  to  bringing  the  surface  of  the  market  above 
flood-level,  the  river  on  the  northern  boundary  was  widened  its 
whole  length,  and  the  bends  piled  with  old  railway  sleepers. 

Drainage. — All  the  drains  are  connected  with  the  town 
sewers,  with  a  penstock  arrangement  for  turning  the  water  into 
the  river  on  other  than  market  or  cleaning  days :  the  sewage 
farm  having  qnite  enough  sewt^e  to  filter  withoat  the  addition 
of  the  rainfall  from  6  acres  of  paved  surface. 

The  main  drains  are  9  inches  and  6  inches  in  diameter,  with 
inspection  chambers  at  frequent  intervals.  Where  there 
appeared  a  likelihood  of  tbe  tree  roots  getting  into  the  drains, 
the  latter  were  concreted. 

Waier  Mains. — Two  systems  of  water  mains  are  laid  in  the 
market:  one,  a  3-inch  service  from  the  high-pressure  town 
water  main  in  Springfield  Street  to  a  fire  hydrant  near  the 
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centre  of  the  market,  and  from  wbicb  drinkiDg  water  is  supplied 
to  the  refreshment  rooms;  and  the  other,  a  (i-incb  low-pressure 
main  with  3-inch  branches,  from  an  auxiliary  supply,  for 
cleansing  the  market  Sluice  hydrants  ars  pkrad  on  ttte  low- 
pressure  maina  in  suitable  positions  all  over  the  market  for 
the  ready  cleansing  of  its  surface.  Stoneware  drinking  trongha 
are  placed  in  the  centres  of  the  roads  for  providing  the  cattJe 
witii  water, 

Oas  Maina. — 3-incb  mains  are  laid  through  the  market  from 
which  the  bnildings  are  supplied  with  gas.  There  are  no 
outside  lamps  required,  tiie  market  being  ovw  long  before 
dusk. 

Soad8.  — The  main  roads  are  36  and  40  feet  in  width,  and  of 
tAT  macadam.  The  foundation  is  of  furnace  slag,  8  inches 
tiiick,  hand  pitched  and  steam  rolled.  The  tar  macadam  ia 
4  inches  thick,  composed  of  2-inch  broken  furnace  slag,  dried  on 
hot  plates,  mixed  with  boiling  tar  and  a  little  pitch,  also  steam 
rolled  ;  and  finished  with  a  ^-inch  top  layer  of  |-inch  granite 
chippings  and  boiled  tar,  well  steam  rolled.  The  roads  were 
completed  by  a  slight  sprinkling  of  fine  granite  chippings. 
The  cost  of  the  roads  complete  was  38.  Zd.  per  square  yard. 

Two  roads  are  made  of  ordinary  Leicestershire  granite 
macadam  4  inches  thick,  with  an  8-inch  slag  foundation 
similar  to  above.  The  cost  of  the  macadam  roads  complete  was 
2s.  Id.  per  square  yard.  One  of  these  roads  is  for  showing  horses 
on,  and  the  other  on  which  implements,  loads  of  hay,  and 
miscellaneous  goods  may  be  pitched. 

Trees. — A  bank  on  the  western  boundary,  formed  in  the 
process  of  levelling  the  site,  is  planted  with  shrubs  and  trees. 

Lime  trees  are  planted  about  20  yards  apart  on  the  centres 
of  the  main  roads,  partly  for  adornment  and  partly  for 
providing  shade.  The  trees  were  purposely  planted  away  from 
the  pens,  to  prevent  the  roots  from  lifting  the  paving.  The 
trees  are  protected  with  specially  stout  iron  guards ;  and  the  tar 
macadam  is  made  good  round  the  trees  with  5-inch  by  10-inch 
concrete  kerbs. 

C0N8TEXJCT10N  OP  Pens. 
Cattle  Pens. — The  store  cattle  (chiefly  Welsh  and  Irish)  are 
held  up  by  drovers  in  open  pens,  a  12-foot  gangway  running  np 
the  centre  of  each  bay.    The  pens  are  36  feet  long  and  12  feet 
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deep.  The  cast-iron  posts,  placed  6  feet  apart,  weigh  3i^  cwt. 
each,  and  are  fixed  in  the  ground  with  Portland  cement  concrete. 
The  rails  are  five  in  number,  of  l}-inch  solid  ronnd  bar  iron ;  the 
lowest  is  1  foot  3^  inches  £rom  the  ground,  and  the  others  10^ 
inches  from  centre  to  centre,  the  top  rail  being  4  feet  10  inches 
high.  The  rails  are  keyed  into  the  posts  with  iron  keys.  The 
Author  used  solid  bars  in  preference  to  tubular  as  being  easier 
to  straighten  in  case  of  damage.  The  cost  of  the  fencing  com- ' 
plete,  including  excavation,  concrete  and  painting,  was  1/.  2s.  5d. 
per  yard  lineal. 

The  paving  of  the  pens  and  gai^ways  is  of  dressed  raadom 
granite  setts,  grouted  in  cement,  on  2-inch  bed  of  granite  gravel, 
with  a  6-inch  foundation  of  lime  concrete  mixed  1  to  6.  The 
cost  of  tiie  paving  complete  was  7s.  M.  per  square  yard. 

The  setts  give  a  very  good  foothold  to  the  cattle :  mnch  better  - 
than  concrete  or  blue  bricks.  Dressed  random  setts  are  only 
about  f  the  cost  of  dressed  setts,  and  are  quite  good  enough  for 
the  purpose. 

The  cross  foil  of  each  pea  is  4  inches.  A  channel  is  formed 
on  either  side  of  the  central  gangway,  which  is  2  inches  higher 
than  the  channels. 

The  longitudinal  fiall  of  the  pens  is  about  1  in  300,  and 
t^ere  are  no  drains  in  or  under  the  pens  :  the  channels  convey 
the  water  to  gnllies  placed  in  the  main  roads. 

Each  single  pen  will  accommodate  18  beasts,  allowing  2  feet 
in  width  per  beast,  the  space  suggested  in  the  model  by-laws 
of  the  Local  Government  Board. 

Skeep  Pent. — The  sheep  pens  are  in  doable  rows,  all  inter- 
oonununicating  by  gates,  wi^  a  gangway  7  feet  6  inches  wide 
between  each  block.  Each  pra  is  8  feet  6  inches  by  6  feet. 
The  cast-iron  posts  weigh  100  lb.  each,  and  ore  concreted  in 
t^e  ground.  The  nuls  are  four  in  number,  keyed  to  tiie  posts ; 
the  top  rail  is  1  inch  ronnd  bar  iron,  2  feet  9  inches  from  the 
ground ;  the  other  rails  are  }  inch  round  bar  iron,  10^  inches, 
9  inches,  aud  8  inches  apart  respectively  from  centre  to  centre. 
The  cost  of  the  fencing  complete,  including  gates,  excavation, 
concrete  and  painting,  was  128.  Id.  per  yard  lineal.  The  gates 
ore' secured  with  turnover  fastenings. 

The  paving  is  of  Portland  cement  concrete,  mixed  on  thd 
average  thickness  of  1  to  3  laid  in  situ  3  inches  thick,  on  a 
4-inch  bed  of  broken  rubble,  with  herring-bone  grooving  in 
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the  pens,  the  gangways  being  smooth.  The  coBt  of  the  paving 
complete  was  4a.  per  aquare  yard. 

The  catiBB  fall  of  each  pen  is  3  inches.  The  meliod  of 
diaiuiiig  is  as  described  for  the  beast  pens. 

Each  pen  will  hold  twelve  eheep,  allowing  four  feet  saper- 
ficial  to  each  sheep. 

Covered  Pig  Pens. — The  pig  pens  are  of  the  same  size,  and 
constrncted  in  a  similar  manner  to  the  sheep  pens,  but  with  6 
rails  instead  of  4  to  keep  in  the  small  pigs. 

The  pig  shed  is  114  feet  long  by  30  feet  wide,  9  feet  3  inches 
hi^  to  wall  plata  The  roof  is  tiled,  and  supported  by  steel 
principals  on  cast  iron  columns,  11  feet  4  inches  apart;  and 
14-inch  common  brick  back  and  end  walla.  A  5-foot  north 
light  of  W.  H.  Heywood  and  Co.'s  glazing  runs  the  entire  length 
of  the  shed,  so  that  an  abundance  of  light  is  provided. 

Covered  Calf  Pern. — The  calf  pens  are  a  single  row  of  8  feet 
6  inches  by  6  feet ;  the  fencing  and  paving  aie  similar  in  every 
respect  to  the  sheep  pens. 

The  calf  shed,  is  188.  feet  long  by  18  feet  wide,  and  9  feet 
3  inches  high,  to  the  wall-plate ;  and  similar  to  the  pig  shed, 
except  that  the  roof  principals  are  of  wood. 

Covered  Poultry  Peras.— The  poultry  shed,  60  feet  long  by 
18  feet  wide,  is  similar  in  constmction  to  the  calf  shed.  Ths 
building  is  provided  with  wooden  pens  with  wire  fronts. 


Befbesehent  Eoohs  and  Clock  Toweb. 

In  the  centre  of  the  market  is  a  block  of  buildings  comprising 
first  and  second  dass  reireshmmt-roome,  with  cellarage  under- 
neath; and  upstairs,  a  kitchen,  sculleiy  and  Inider,  over  the 
second  class  bar,  with  a  dining-room  (used  at  present  as  a  settlings 
room)  over  the  other  bar.  A  clock  tower  is  carried  up  at  the 
south-west  comer  of  the  block,  fitted  with  a  Gillett  and 
Johnston's  four-faced  clock.  At  the  north-east  comer  of  the 
block  a  suite  of  first  and  second  class  lavatories  are  provided. 
The  arms  of  the  Earls  of  Harborough  are  carved  on  ^e  clock 
tower,  the  Council  having  first  obtained  permission  to  use  them 
as  the  town  arms  whilst  the  market  was  in  course  of  erection. 
Mr.  S.  L.  Reynolds  of  Northampton  was  the  carver. 
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Settlisg  Soom  akd  Cohn  Exchange. 

Near  to  the  re&eslimeiit  rooma  is  a  oa&>8tote;  bnilding 
25  feet  long  by  18  feet  wide,  used  as  a  settling  room  by  peisons 
not  caring  to  settle  on  licensed  premises.  It  also  answers  the 
pm^>ose  of  a  com  exchange,  being  provided  with  merchants' 


Supebiktehdeht's  Lodge  amd  Office. 

A  house  for  the  Superintendent,  Mr.  James  Fawsey,  is  built 
near  the  eastern  entrance  in  Springfield  Street,  with  an  office 
for  his  use  attached. 


Weigh-beidge  ahd  Oefice. 

A  Fooley's  7-ton  weigh-bridge  ia  erected,  with  a  little  wdgh- 
ofBce,  near  the  Superintendent's  house,  fitted  with  movable 
railings  for  cattle-we^hing. 

Isolation  Fens. 

Isolation  pens  for  cattle  and  sheep  are  provided  between  the 
river  and  the  calf-shed  for  the  isolation  of  animals  discovered 
in  the  market  to  be  infected  with  contagious  disease. 


FUBLIC  COHTENIEHCES, 

In  addition  to  the  urinals  and  watet'dosets  provided  in  the 
central  building,  two  other  blocks  of  urinals  are  provided  at 
convenient  positions  in  the  market — one  near  tlie  beast  pons  to 
the  west,  and  the  other  near  the  sheep  pens  to  the  north. 


BOTTNDABT  WaLI& 

The  boundary  walls,  abatting  on  the  streets,  are  of  14-incb 
brick,  with  Weldon  stone  coping  and  wrought  iron  unclimbahle 
fencing ;  total  he^ht  of  brickwork  and  fence  8  feet. 

The  apecially-deaigned  wrought-iron  entrance  gates  are  hong 
to  Weldon  stone  carved  piers. 
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COHTRACTS. 

The  Tork  was  let  in  five  contracta  : 

t         I.     i. 

Kol1&4.  LBjiiigcnit,diBiTiMi«,  ra>dmkklng,&iul 
p«vit)f>,  balug  leesied  b;  Hr.  Thoi.  PMlbriok 
ofLeloeatei 8,125    0    8 

Nol  2.    Ironwork,  MeMi*.  8.  Bnawll  and  Sam  of 

LdoMter. 2,965  17    5 

Na  S.    Bandinga,  Hi.  Thoa.  Hinim.n  of  Mwket 

HMbomigh e,589    9  10 

Mo.  4a.    Conorete  p«Tla|^  HeMis.  A.  Wftlker  uid 

8<nofPndMT »7e    6    2 

AddHioial  feudng  and  watef-nulw,  et&      .  524  1ft    9 

ToUleoatofwwka  .  £18,781  18    6 


Amongst  the  Bnb-contraoton  The  Crittal  Mannfactaring  Ca, 
Ltd.,  Bnpplied  the  iron  casements  nsed  in  the  hnildings ;  Messrs. 
Gates  and  Green,  the  lavatoiy  equipment ;  and  Messrs.  W.  Miller 
and  Sons,  the  entrance  gates  and  bonndary  fencing. 

The  several  works  were  well  and  anhstantially  carried  oat 
jby  the  various  contractors,  as  the  Members  will  have  on  oppoi^ 
tunity  of  observing. 

Ths  total  outlay  on  the  market,  includii^  land,  purchase  of 
rights,  and  works,  was  25,950/. 


Opening. 

The  market  was  formally  opened  on  April  14th,  1903,  by 
Mr.  J.  L.  Douglass,  the  Chairman  of  the  Urban  District  Council ; 
who,  with  Mr.  JefTery  Clark,  the  Chairman  of  the  Markets 
Committee,  kindly  entertained  a  numerous  company  to  luncheon 
at  the  refreshment  rooms  on  that  day. 


FUTDBE  EXTENBIOKB. 

The  market  has  been  designed  with  a  view  to  future  exten- 
sions :  fenced-in  spaces  being  reserved  for  additional  beast  and 
sheep  pens,  the  provision  of  which  will  not  in  any  way  disturb 
the  existing  roads  or  arrangements. 
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FntBT  Two  Years'  Wobking, 
The  market  has  been  opened  just  over  two  years,  and  the 
number  of  animals  pitched  is  as  foUowa  : 


- 

'■""»'"^-"'- 

1804 

IMS 

B«mrt«  .... 

20,469 

22,901 

Hones  .... 

SIS 

441 

81i«p    .        .        .        . 

23,761 

28,780 

0«1«»  .... 

1,128 

1,18* 

Pis.     ...       . 

2,360 

2,4S0 

Po*,,(«»pl«)   .        . 

1,U8 

1,601 

List  of  Tolls  Leviable  in  the  Market.' 


VtM  wmj  BunUm I*. 

„    uiy  nnmlwr  of  Hcoaet,  Btana,  Oeldingi,  ColU  or  Filliw,  belooging  to 

the  aanM  owner,  not  exoeedlng  alz,  per  head         .        .        .        .  6d. 

„   uy  nnmbet  of  ditto,  eioeediof  ilz,  fvt  bead    .        .        .        .        ,  4d. 

H   evoy  Hole  or  Amb Sil. 

ClITUt. 

„   emyBnll id. 

„   «ntj  Ox,  Oow,  Steer,  Yearling,  or  HeUer Sd. 

„    every  Cftlf Id 

Bbeb  iSB  GoAn. 

„  every  Ban Sd. 

„  ereij  Bheep  at  vetuied  Luab,  Goat,  ot  veanad  Eid  ....     Id. 

Ftea. 

„   everj  Sow  and  bar  litter  01  fuiow 6d, 

„  every  Fat  Hg 2d. 

„   every  other  Pig Id. 

Awthn*. — When  such  aolmala  or  marketable  .commoditiei  are  sold  1^ 
Asetioct,  toUi  doqble  the  above  amounts  Bhall  also  be  paid  in  addition  to  the 
tolls  hernnbefbfe  prescribed. 

PODLTBT. 

F«r  every  Coople  of  Fowls,  or  of  Daoks,  and  for  evei;  Goose  or  Tnikej  .     Id. 

Hit  txB  Stuw,  no. 

„    ever;  w«goD-1cad  of  Hay,  Straw,  or  other  Agricultural  Prodnoe  .  If.  Cd, 

„  eveij  eut-Joad  or  lesg  of  ditto  ,        ...        .        .  .     M. 
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SLAUOHTER-HOUSS& 

With  a  view  to  the  nitimate  extinction  of  aneuitahle  private 
elaughter-honseB  in  tiie  town,  the  Council  are  building  two  new 
slaoghter-hooses  on  the  market  lair^es,  as  a  first  instalment. 
7^  rent  of  each  is  20/.  per  annum.  The  accommodatitm 
provided  for  each  is  an  open  yard  21  feet  hj  15  feet,  4  fasting 
pens  for  cattle,  a  copper  room,  12  feet  by  9  feet,  and  the 
slaaghter-hoose  15  feet  by  13  feet.  The  latter  ia  lined  with 
white  glazed  bricks  for  a  height  of  5  feet  3  inches.  The  floor  of 
this,  as  well  as  that  of  the  copper  room,  is  of  concrete.  The 
other  floors  are  of  dressed  random  sett  paving,  as  described  for 
beast  pens  for  market.  The  contract  amonnt  ia  800^,  and  the 
builder  ia  Mr.  W.  W.  Brown  of  Market  Harhorough. 


Bkief  Statistics  of  Masebt  Habbokodgh. 

It  is  generally  considered  that  Market  Harborongh  has 
great  advantages  to  offer  to  manu&ctareis  establishing  works 
here.  The  railway  accommodation  is  excellent;  land  can  be 
had  at  a  low  price ;  the  local  rates  are  very  small  compared 
with  other  towns ;  and  the  working  classes  are  well  housed. 

As  a  residential  town,  or  honting  centre,  it  can  boast  of  an 
excellent  water  supply  and  drainage ;  a  death-rate  much  below 
the  average;  piotaresque  building  sites;  ample  &cilitiea  for 
sport :  induding  hunting  (Pytohley,  Femie's,  Woodland  Pytchley 
and  Quom),  golf  links,  and  polo  ground. 

The  Council  has  this  year  completed  a  quarter  of  a  century's 
local  self-government. 


Ff^olktion  . 
BktMble  Talne 
Ah«(«ow»)  . 
Nomtwr  of  HoiiaM . 

le(p«r  1,000) 


5,800 

£82,211 

4,020 

1,US 


9,800 

£87,600 

4,620 


7,735 

£62,270 

4,620 


8,700 
£65,919 
4,620 
1,901 
9-41 


EacENT  New  Woeks. 
Since  the  last   meeting  of   the    Association    at   Market 
Harborongh  in  1897,  the  Urban  Council  has  acquired  the  gas 
works  (Engineer  and  Manager,  Mr.  A.  T.  Harris)  at  a  cost  of 
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49,000/.,  iDclnding  reoonfitmction  and  new  offices.  Also  a 
recreation  ground,  comprising  16  acres,  cost  3100/. 

Tlie  Council  has  taken  over  the  care  of  the  two  cemeteries 
of  the  district. 

The  Council  has  built : 

A  new  oftttle  muket  (utoInaiTB  of  the  pmohue  of  tha  maAet  ri^U)    .  23,950 

Two  alaoKbtsi^hoiiHi  (in  aaaiae  of  eieotlon)  oontnot           .  SOO 

Kir*«tation 997 

HorttiMy  (mil  ston 190 

NewMdge 481 

Temponr;  inlation  bcapihtla 458 

New  Stteet  (Abbe;  Btteet)  oonneotlng  High  Street  with   Fairfield 
Road,  taolading  demolitioii  and  purohaaB  of  old  property.    (The 

FDoffeea  gt,n  £1,000  In  wlditioB) 3,045 

New  interoeptiDg  lawer  fix  parub  of  Little  Bowden   ....  8S0 

Gna  woika  ood  water  nippl;  foi  town  pnipowt 1,097 


Ukban  Distbict  Eates. 
The  Urban  District  Bates  are  Zs.  Qd.  in  the  £  per  annom, 
and  the  mon^  raised  during  the  past  year  was  expended  as 
follows : — 


»^r- 

lUcalpt.. 

btbttfvXvmm. 

— 

nm. 

.^ 

+■ 

- 

Hewenge  .ad  MWBge  di^KMl  . 

4,101 
401 

220 

2    2 
0    2 

0    li 

%■% 

SS-^S":    :        : 

710 

676 

0    4 

0    BT 

0    1 

Otbei  Toadi  and  •treat  worka     . 

1,040 

50 

0    6 

fl  ot 

BeaveagiAg   aabea   and   (tteeta 

4K 

0    SJ 

0  Si 

Sbeet  lighting          .         .         . 
laolatioo  hoapTtaU    . 

804 
407 

100 
100 

0    ^ 

Si? 

0    4} 

0    2 

fi2 

0    Oi 

PnbltobBtlw    .        .        .        . 

234 

139 

0  n 

0    1 

UMketo 

454 

1,095 

0    8 

m 

4t 

EaUbliahmont  ud  aalaiiea        . 

843 

60 

0    S} 

0    5 

UOMB  aoooiiDt . 

290 

0    % 

Fire  brigade    .         .         .         . 

76 

24 

in 

14S 

0  ot 

10,584 

4,117 

S    8) 

%  H 

llf 

%.'^ 

4,117 

Id.  p^odDsea  £1M,  ud  3i.  Gd. 

itiGoogle 


HAItEET   HARBOBOUOH. 
FvHUe  Loom, 


— 

A«^B»».^ 

KawOwfDS. 

Waterworlct 

ConnoU  OSom  and  Stablv 

HarketB  <   . 

GuWorka. 
HcHtnarj    ... 
FireStotton         .     ,   . 

SUnghter-HoDM 

«1 

a5,S2S 

24,92a 

2,158 

29,990 

48,000 

100 

690 

8,050 

S,20O 

700 

429 

8,8SS  ' 

12,112 

1,966 

24,548 

45,087 

100 

921 

2,898 

3,200 

697 

408 

£186,178 

£89,865 

Water  Supply. 

The  Author  read  a  Paper  before  the  ABSocialioii  on  the 
Market  Harborough  Waterworkfl  in  1891.  For  the  convenience 
of  Members  attending  the  Bource  of  the  water  supply  to-day,  the 
following  short  sammary  of  the  paper  dealing  with  this  part  of 
the  subject  is  set  out 

i/b.  J.  B.  Everard,  M.  Inst.  C.K.,  of  Leicester,  was  the 


The  level  of  the  street  in  the  centre  of  the  town  is  253  feet 
above  O.D.,  hat  to  command  the  highest  honse  in  the  district  a 
water-level  of  415  feet  was  required  in  the  service  reservoir. 
To  avoid  a  pumping  scheme  it  became  necessary  to  go  very  far 
aSeld  to  obtain  a  supply  which  would  d^ver  naturally  into  thia 
reservoir. 

The  Local  Board  having  requested  Mr.  Everard  to  report 
npon  the  best  means  of  supplying  Market  Harborough,  Great 
and  Little  Bowden,  with  water,  the  now  completed  scheme  was 
brought  forward  and  approved,  with  the  concurrence  of  Mr. 
James  Mansergh,  C.E.  It  is  a  gravitatioii  scheme,  absolut«ly 
onencnmhered  by  any  annual  working  expenses,  such  aa 
pumping,  softening,  or  filtering.  The  source,  however,  is  8^ 
miles  away,  lying  partly  in  the  parish  of  Husband's  Bosworth, 
and  partly  in  the  parish  of  North  KUworUi,  in  the  county  of 
Leicester,  land  having  been  purchased  by  the  Local  Board  in 
both  parishes,  "vrith  full  and  exclusive  power,  liberty,  and 
authority  to  have,  use,  and  take  all  water  now  flowing  or  what 
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may  hereafter  flow  through,  apon,  or  over  the  said  land."  The 
vendors  are  aleo  debarred  from  doing  anything  to  the  neigh- 
bouring land  which  might  prevent  the  fall  flow  of  water  through 
the  subsoil  to  the  places  at  which  it  now  issues. 

Previous  to  the  acquisition  of  the  land,  permission  was 
obtained  tor  numerous  trial  holes  to  be  sunk,  and  constant 
gaugings  were  taken  for  a  considerable  period,  with  very  satis- 
factory results. 

Abtiut  one-half  of  the  purchase  area  is  grass  land,  bounded 
on  the  south-east  by  a  stream ;  the  otiier  half  is  underwood, 
bounded  on  the  west  by  the  same  stream  which  divides  the  two 
parishes.  The  land  ia  half  a  mile  in  length,  and  averages  from 
'33  to  100  yards  in  width. 

The  water  is  obtained  for  the  most  part  from  a  bed  of  rock, 
this  being  one  of  the  upper  limestone  beds  of  the  lower  lias. 

In  North  Kilworth  parish  a  well  is  sunk  about  26  feet  deep, 
and  goes  through  drift  gravel,  in  which  only  a  small  quantity  of 
water  ia  found,  through  lias  clay  to  the  bed  of  rock,  which  is 
nearly  1  foot  thick.  From  near  the  bottom  of  this  well  a  heading 
is  driven,  in  which  12-inch  stoneware  socket  pipes  are  laid,  with 
junctions  at  suitable  points  provided  with  perforated  stoppers, 
the  average  depth  being  about  24  feet  for  a  length  of  rather 
more  than  300  yards,  with  manholes  at  intervals.  At  the 
upper  end  extensive  beds  of  gravel  are  found,  and  these  are 
utilised  as  a  natural  reservoir,  calculated  to  store  7,000,000 
gallons,  the  water  being  kept  back  by  a  wall  of  paddled  clay, 
but  means  have  been  adopted  for  automatically  drawing  off  this 
water  when  it  is  required. 

A  second  well  sunk  in  Husband's  Bosworth  parish  is  about 
24  feet  deep,  and  is  entirely  in  gravel,  but  a  boring  at  the  bottom 
of  the  well  taps  the  rock  below. 

The  water  from  both  wells  is  conveyed  by  two  7-inch  iron 
pipes  to  the  valve  house  situate  in  Husband's  Bosworth  parish, 
and  the  snpply  is  at  thia  point  automatically  r^ulated  by  two 
self-acting  float  valves.  There  is  also  a  small  tank  with  screen, 
and  in  this  tank  begins  the  long  10-inch  supply  main  which 
conducts  the  water  to  Market  Harborough, 

The  water  in  the  valve  house  is  450  feet  above  O.D,,  and 
the  surface  of  the  water  on  tlie  upper  side  of  the  puddle  wall 
is  473  feet 

The  river  Avon  (which  takes  its  rise  from  Naseby,  at  a 
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height  of  about  560  feet  above  O.D.)  receivea  the  surface 
dndnage  of  the  locality. 

The  wells  are  8  feet  in  diameter,  and  are  built  waterproof, 
except  where  provision  has  been  made  for  the  admission  of 
water  wherever  it  appeared  in  the  excavation. 

A  daily  supply  of  170,000  gallons  may  be  relied  upon. 

The  water  used  for  the  public  hatha,  street  watering  and 
market  cleansing  is  pumped  horn  a  well  at  the  gas  works. 


DISCUSSION. 

The  Fbe&ident  :  I  have  had  the  opportunity  which  many  of 
you  have  not  had  up  to  the  present,  of  going  over  the  Market, 
and  I  will  say  what  impression  was  conveyed  to  my  mind. 
I  have  already  said  that  I  consider  it  reflects  very  great  credit 
on  Mr.  Coales  and  his  partner,  and  on  the  town  of  Market 
Harborough.  I  notice  that  there  is  no  covered  sale-ring.  I  do 
not  know  whether  that  omission  has  been  noticed,  and  whether 
there  is  any  want  of  that  sort  felt  here,  but  I  am  told  that  a 
covered  sale-ring  is  a  very  great  advant^  in  a  cattle  market. 
It  enables  the  seller  and  buyers  in  bad  weather  to  be  protected 
&om  the  elements ;  and  it  enables  the  buyers  to  be  seated  and 
to  see  the  cattle  they  are  about  to  purchase  without  being 
hustled.  Altogether,  I  am  told  that  a  covered  sale-ring  would 
be  a  very  great  advantage.  I  must  say  that  I  should  have 
preferred  to  have  seen  more  blue  brick  paving  rather  than  some 
of  the  tar  paving  in  places  where  the  cattle  congregate.  I  notice 
there  is  a  rough  surface  to  the  tar  paving  which  collects  the 
manure,  and  although,  no  doubt,  great  attention  is  paid  to  the 
cleansing  of  the  market,  yet  I  should  imagine  there  is  a  good 
deal  of  offensive  matter  left  behind  ;  and  if,  as  stated  in  the  paper, 
the  drainage  is  turned  into  the  sewers  only  on  market  days  and 
cleaning  days,  then  I  think  on  other  days,  when  there  is  a  heavy 
atorm  of  rain,  the  first  flush  admitted  Into  the  river  would  be 
polluted.  Of  course,  it  is  for  Mr.  Coalea  to  say  what  precautions 
he  takes  to  prevent  the  pollution  of  the  stream ;  but  if  precau- 
tions are  not  taken,  the  stream  would  undoubtedly  be  polluted. 
The  cost  of  the  fencing  struck  me  as  high  when  I  read  the  paper, 
but  when  one  came  to  look  at  the  fencing  one  saw  it  must  be 
expensive  because  it  is  very  substantial,  but  no  doubt  it  will  be 
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the  more  ecoBomical  in  the  long  ran  because  of  its  substantial 
character.  The  paving  of  tbe  cattle  pens  with  dressed  random 
granite  setta  gives  the  cattle  a  good  footliold,  but  studded  blue 
bricks  vould  give  an  equally  good  foothold,  and  be  easier  to 
cleause  than  granite  setts  with  their  wide  joints  ;  while  bine 
brick  paving  could  be  done  for  less  than  the  other — probably 
half  the  cost. 

Mr.  T.  W.  A.  Hatwakd  :  I  would  like  to  propose  a  hearty 
vote  of  thanks  to  Mr.  Coales  for  so  kindly  inviting  us  here 
to-day,  and  for  Uie  two  admirable  papers  he  hss  placed  before  us. 
I  remember  the  meeting  here  some  eight  or  nine  years  ago,  and 
although  I  was  unable  to  be  present,  I  do  not  think  there  is  a 
meeting  of  the  AssociatioD  which  bus  been  held  since  that  I 
have  followed  with  greater  interest.  I  thought  Mr.  Coales,  in 
the  earlier  paper,  went  into  details  which  we  rarely  get  at  these 
meetings.  The  same  attention  to  detail  characterises  to-day's 
paper.  A  meeting  of  this  kind  is  an  inspiration  to  a  man 
working  in  a  small  town.  In  many  respects,  it  is  more  difficult 
to  work  in  a  small  town  tiian  in  a  large  one,  therefore  the 
surveyors  working  in  such  towns  should  have  our  sympathy  and 
help.  The  statistics  given  in  the  paper  show  that  Market 
Harborough  is  progressive  in  more  directions  than  one.  During 
the  last  twenty-five  years,  the  town  has  increased  in  population 
nearly  100  per  cent  Very  satisfactory  is  this,  but  what  is  even 
more  so,  is  that  the  death-rate  has  been  reduced  more  than  60 
per  cent  This  fact  speaks  volumes  in  itself.  It  shows  that  the 
health  of  the  town  has  been  weU  looked  after.  In  the  first 
place.  Market  Harborough  has  had  a  council  alive  to  its 
responsibilities,  has  been  advised  by  good  officers,  and  the  joint 
efforts  have  brought  the  town  to  the  acme  of  perfection  we  see 
to-day.  A  death-rate  which  has  been  so  largely  reduced  is  most 
creditable.  I  do  not  think  I  have  ever  seen  a  more  perfect 
illustration  of  what  can  be  done  by  bringing  a  town  up  to  a 
high  state  of  sanitation.  The  list  of  public  works  is  large  for  a 
town  like  Market  Harborough,  and,  taking  into  consideration  the 
work  that  has  been  done,  one  must  come  to  the  conclusion  that 
the  rates  are  low.  I  am  particularly  struck  by  the  fact  that 
the  water  supply  and  the  markets  bring  in  an  amount  equal  to 
a  shilling  rate. 

Mr.  Coales  :  There  are  loan  charges  to  come  off  that 

Mr.  Haywakd  :  It  does  not  show  that  in  the  paper.    It  is 


DigizedbyGOOgle 


208       KEW  CArrLE  uaseet  at  harkxt  hasbohoooh. 

carried  oat  as  net  income— 7i(i.  on  the  water  rapply  and  4id, 
on  the  markets,  &  total  of  lli<2.  Apart  &om  the  loan  diarges 
it  is  a  veiy  "ood  show  indeed.  I  notice  the  money  borrowed  is 
joet  over  Iji  times  the  rateable  valae.  Hwe  is  arery  good  argu- 
ment for  some  of  the  smaller  towns,  where  directly  one  begins 
to  borrow  money  to  carry  ont  public  works  the  people  say  they 
are  going  to  be  rutned.  The  experience  here  again  proves  &at 
money  borrowed  to  carry  out  public  works  brings  in  a  good 
return.  Even  if  the  rettim  is  not  a  marketable  asset,  the 
advantage  is  reaped  in  a  lower  death-rate,  which  should  be 
considered  as  much  as,  or  more  than,  a  monetary  return.  Tito 
effect  of  puttii^  these  two  things  together  shows  that  Market 
Harbotough  has  been  alive  to  its  responsibUities  and  has  made 
progress  in  every  way.  Mr.  Coales  is  to  be  congratulated  on 
the  excellent  way  in  which  he  has  dealt  with  the  question  of 
cattle  in  a  country  market  town.  I  have  had  experience  of  it 
in  two  towns  where  no  cattle  market  existed  bat  where  the  sales 
were  held  in  the  public  streets.  In  the  town  of  Stamford,  at  the 
great  fairs,  as  many  as  10,000  head  of  cattle  stood  in  the  streets 
as  well  as  5000  or  6000  sheep,  horses,  pigs  and  other  animals. 
In  places  where  the  streets  are  narrow,  this  is  a  source  of  great 
annoyance  to  the  shopkeepers,  to  the  public  and  to  the  Surveyor, 
because  of  the  abominable  nuisance  they  create,  and  the  cost  of 
cleansing  and  puttii^  the  streets  again  in  order.  Despite  the 
nuisance  and  the  cost  the  borough  authorities  cannot  charge  a 
penny  for  the  accommodation.  The  fahners  and  dealers  come  in, 
use  and  abuse  the  streets,  and  the  local  authorities  have  no 
power  to  say  move  on,  or  to  make  them  pay  for  the  nuisance  they 
create.  Therefore,  it  is  a  fine  thing  that  Market  Harborough 
has  been  able  to  provide  a  proper  market  and  so  rid  their  streets 
of  the  cattle;  I  noticed  that  the  roads  in  the  market  are  made 
up  with  tar  macadam,  and  I  thought  something  more  durable 
might,  with  advantage,  have  been  used.  In  a  cattle  market  it 
would  have  berai  advisable  to  put  in,  say,  blue  bricks.  Some  of 
my  granite  roads  after  having  had  sheep  standing  on  them  have 
been  as  bad  as  if  they  had  cot  been  touched  for  years. 

Mr.  W.  Hasfdb  :  It  gives  me  very  great  pleasure  to  second 
the  vote  of  thanks  to  Mr.  Coales  for  preparing  these  two  papers, 
and  for  inviting  us  to  this  meeting.  So  far  as  I  am  personally 
concerned,  it  is  a  very  great  pleasure  to  come  to  a  meeting  in 
my  native  county.    It  is  not  often  that  I  get  an  opportunity  of 
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paying  a  visit  to  this  neighbourhood.  It  is  my  first  viait  to 
Market  Harboroi^^,  and  I  have  been  particularly  pleased  with 
what  I  have  seen  to-day.  Market  Harboroi^  seems  an  excep- 
tionally Tell  kept  and  clean  town ;  the  roads  are'  the  pink  of 
cleanlhiees,  and  everything  about  the  place  makes  it  appear  very 
invitii^. 

Mr.  A.  D.  Oeea,tosex  :  I  shoold  like  to  congratulate  the 
council  on  the  progressive  policy  it  has  pursued  during  the 
twen^-five  years  the  town  has  been  under  its  government.  If 
yoo  look  at  the  statiatica  given  in  the  paper,  and  at  the  works 
carried  out,  yon  will  see  that  the  town  possesses  its  own  water, 
gas-works  and  markets,  and  has  earned  out  a  successful  sewage 
scheme.  It  can,  therefore,  congratulate  itself  on  being  up-to-date. 
As  to  the  rates,  it  should  be  home  in  mind  that  the  3*.  6d.  rate 
si  only  the  district  rate.  There  are,  in  addition,  the  poor  rate,  the 
county  rate,  and  the  education  rate-  I  ahoold  like  to  know  what 
they  are.  The  receipts  from  the  supply  of  water,  and  the  market 
total,  as  Mr.  Hayward  has  said,  to  an  amount  equal  to  a  rate  of 
ll|(f , — practically  la. ;  but  there  is  still  the  interest  on  loans  and 
the  repayment  of  the  mon^.  The  return  on  the  water  supply 
is  eqtml  to  4J  per  cent,  on  the  outlay,  and  on  the  markets  2^  per 
cent.,  BO  that  when  interast  on  capital  is  taken  into  consideration 
the  markets  cannot  at  present  be  paying  their  way.  But  when 
one  takes  into  consideration  that  it  is  a  new  concern,  one  can 
hope  that  before  long  it  will  be  able  to  pay  its  way  and  leave 
something  over  for  repayment  of  loans.  As  I  have  had  an 
opportunity  of  going  over  the  market,  I  must  say  I  was  very 
pleased  with  the  way  in  which  the  work  has  been  carried  out. 
My  only  objection  is  the  same  as  the  President's :  I  cannot  quite 
Agtea  with  the  random  granite  sett  paving.  I  think  bine  bricks 
would  have  made  a  &r  more  substantial  and  cleaner  paving  than 
the  random  setts.  Still,  I  think  the  market  is  a  credit  to  Mr, 
Coales,  and  also  to  the  town.  Although  the  iron  fencii^  may 
appear  rather  expensive,  yet  some  of  the  other  work — particu- 
larly the  roads — has  come  out  ^rly  cheap.  I  find  £rom  the 
paper,  that  since  our  previous  visit,  the  gasworks  have  become 
the  looperty  of  the  town.  Beferriog  to  the  paper  Mr.  Coales 
gave  at  the  meeting  In  1897,  the  price  of  gaa  was  stated  to  be 
33.  l^d.  per  1000  cubic  feet,  and  the  street  lighting,  single 
'bnmeiB,4t.2d.  per  lamp  per  month  extinguished  at  11.30  p.m.,and 
8s.  lOd.  pet  lamp  per  month  for  those  extinguished  at  sunrise.     I 
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should  like  to  know  what  the  price  of  gas  is  now  that  the  g&sworks 
belong  to  tiie  town  ?  Is  it  cheaper,  or  is  it  tJie  same  price  ? 
And  I  should  also  like  to  know  aSont  the  street  lighting.  The 
prices  given  in  1897  were  rather  h^h.  I  shoold  like  a  little 
farther  information  as  to  the  bnildinga  of  the  market,  the  cost 
per  cnbic  foot,  and,  if  possible,  the  cost  of  each  class  of  work 
separately.  These  ^nres  are  very  nseful  for  future  reference. 
Althongh  many  of  ns  to-day  hare  nothing  to  do  with  markets, 
we  never  know  what  we  may  have  to  undertake.  Mnnicipal 
engineers  have  to  ezecate  almost  all  works  under  the  snn. 
The  latest  thing  I  have  had  to  write  a  specification  for,  is  the 
repair  of  the  town  hall  organ ;  I  need  not  aay  that  I  am  not  an 
oifcanist.  I  have,  next  week,  to  prepare  a  specification  for  the 
re-upholstering  of  the  fumitnre  in  the  council  chamber.  So 
one  faas  a  multitude  of  things  to  carry  out  I  look  upon  the 
volumes  of  our  Proceedings  as  a  most  ueefol  encyclopeedia  of 
knowledge.  When  yon  have  to  prepare  a  specification  yon  turn 
to  the  volumes  of  the  Association,  or  of  the  Institution  of  Civil 
EngineOTs,  to  look  up  Uie  subject  and  to  find  the  information  to 
help  you  to  carry  it  out.  Therefore,  I  think  the  answer  to  these 
few  questions,  if  added  to  the  paper,  would  make  it  much  more 
uaefoL  Coming  from  the  edge  of  the  Black  Country,  though 
not  actually  from  it,  one  likes  to  come  into  a  town  where  you 
see  the  green  fields  and  the  general  appearance  of  cleanliness. 
I  would  like  to  say  a  word  about  a  new  dust  preventative— 
Akonia.  At  the  present  time  we  hear  a  good  deal  about  dust 
preventatives,  and  most  of  us  are  trying  one  thing  or  aDother, 
Akonia  is  being  tried  on  the  stretch  of  road  outside  this  build- 
ing. I  have  seen  one  or  two  motor  cars  run  over  the  road  this 
morning,  and  it  certainly  has  a  surprising  effect.  I  advise 
those  who  have  not  seen  it  to  do  so  before  they  leave  Market 
Harborough. 

Mr.  J.  H.  Jevomb  ;  I  should  like  to  ask  Mr.  Coales  if  the 
management  of  the  market  is  in  the  hands  of  the  Council,  and 
if  so,  how  these  tolls  ore  collected  ;  why  the  tolls  are  higher  for 
cattle  sold  by  auction ;  and  if  the  whole  of  the  cattle  entering 
the  market  pay  toll  whether  sold  ox  not,  and  who  pays  the 
extra  toll  for  stock  sold  by  auction  7 

Mr.  N.  H.  Bawsok  :  I  should  like  to  ask  Mr.  Coales  whether 
there  is  any  return  on  the  gasworks  ?  We  have  all  the  other 
accounts,  but  there  are  no  receipts  on  the  gas  account.  Surely 
there  are  some  receipts  which  make  up  for  the  large  expenditure 
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in  taking  over  the  gasvorka,  I  was  atmck  irith  the  vonderful 
reduction  in  the  death-rate.  I  should  like  to  ask  irhether  there 
13  any  particular  reason  for  that  great  reduction.  Would  Mr. 
Coales  also  state  the  price  of  the  landom  setts  per  ton  delivered 
in  Market  Harboroagh  ? 

Mr.  T.  B.  Smith  :  I  think  the  Author  is  to  be  con^tulated 
upon  being  able  to  cany  out  a  separate  drainage  for  the  market. 
The  drainage  of  six  acres  of  market  may  not  be  an  important 
matter  in  a  large  town,  but  in  the  case  of  a  thtmderstdrm  or 
heavy  rain  it  is  a  very  great  consideration  in  a  small  town. 
Mr.  Coales  says  nothing  about  the  cost  and  methods  of  cleansing 
the  market.  I  take  it  the  market  is  flushed  from  the  hydrants 
and  then  well  brushed.  As  to  paving,  I  agree  with  Mr.  Coales 
as  to  that  which  be  has  selected.  We  are  not  very  fond  of  blue 
bricks  in  this  part  of  the  country ;  they  are  slippery  and  not 
cheerful  in  appearance.  These  random  setts  will  not  be  very 
much  trouble  to  keep  clean,  and  I  like  this  paving  because  with 
the  large  joints  they  do  give  a  good  foothold.  Mr.  Coales  says 
the  boundary  walls  of  the  market  are  coped  with  Weldon  stone. 
Weldon  stone  is  veiy  absorbent,  and  I  should  like  to  know  what 
was  done  to  prevent  the  water  getting  down  on  the  bricks  below 
and  bursting  them  with  the  frost.  Then  I  see  that  slaughter- 
honses  are  being  built ;  that  they  are  not  for  public  accommoda- 
tion, but  for  private  renting  at  20/.  pet  annum.  Of  course,  a 
butcher  may  be  glad  to  have  a  slaughterhouse  for  private  renting, 
but  I  should  like  to  know  whether  there  is  any  intention  to  let  any 
of  the  slaughter-houses  for  common  use.  It  is  a  matter  we  have 
had  to  consider  at  Kettering,  but  we  have  not  gone  further  than 
that,  for  apparently  there  would  be  a  good  deal  of  opposition  to 
the  using  of  slaughter-houses  in  common. 

Mr.  A.  EL  Walsbr  :  What  means  of  disinfection  are  in  use 
in  the  market  to  conform  to  the  r^ulations  of  the  Board  of 
Agriculture? 

Mr.  A.  J.  DiCEENSOif :  I  noticed  there  were  air-valves  by  the 
side  of  the  road,  so  I  assume  the  vntet  main  is  carried  in  the 
same  direction  as  the  road.  I  also  noticed  certain  points  which 
appeared  to  be  of  high  altitude,  and  I  would  like  to  know  what 
depth  these  pipes  are  laid  below  the  hydraulic  gradient  It 
seems  to  me  they  must  come  within  a  few  feet  of  it  Ilie  paper 
states  that  the  market  rights  were  purchased  from  Lord  Baniard 
for  2455/.,  and  further  on  it  says,  that  in  addition.  Lord  Barnard 
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presented  the  fair  tolls  to  the  town ;  I  presume  one  refers  t6 
the  weekly  markete,  and  the  other  to  the  large  annuid  cattle 
Bale  or  £iir.  Ab  a  Burveyor  for  five  or  six  years  to  a  market 
town,  where  cattle  came  and  stood  about  the  streets,  I  feel  tliat 
it  must  be  a  very  great  boon  to  Market  Horborongh  to  have  this 
market 

Mr.  CoALES :  I  most  say  how  much  obliged  I  am  for  the 
way  in  which  you  have  received  the  paper,  and  for  the  friendly 
comments  on  it.  Firat  of  all  with  reference  to  the  use  of 
tar  macadam  on  the  roads  in  the  market.  The  tar  macadam 
is  very  much  less  costly  than  the  blue  bricks,  and  in  this 
locality  we  do  not  like  blue  bricks.  We  do  not  think  thej 
are  at  all  in  unison  with  a  country  mral  district  like  this.  If 
you  will  notice,  these  are  roads  and  not  pens,  and  the  cattle  are 
not  supposed  to  stand  on  them.  "We  have  had  no  call  for  a 
covered  sale-ring.  I  have  no  doubt  it  would  be  better  for 
oQstomeis,  but  we  have  had  no  demand  for  it.  The  customers 
are  not  hustled  in  any  way,  because  the  pens  are  so  arranged 
that  they  can  see  and  feel  every  animal  Then,  in  the  pens, 
granite  sette  are  much  better  for  giving  a  foothold  to  the 
animals  than  blue  bricks.  As  to  the  cost  of  the  fencing,  we 
could  not  have  had  it  done  cheaper  without  scamping  the  work. 
We  had  tenders  for  it,  and  the  lowest  tender  was  accepted. 
The  poor  rate  is  from  1».  lOd.  to  2*.,  and  that  includes  the 
education  rate.  The  gasworks  were  purchased  under  a  special 
Act,  and  that  is  why  I  have  not  pot  in  the  paper  what  they  pay. 
The  gas  engineer,  Mr.  Huria,  is  here,  and  he  will  give  you  some 
particulars.  As  to  the  collection  of  the  market  tolls,  we  have  a 
man  at  each  gate,  and  every  animal  is  counted  into  the  market. 
Then  the  numbers  are  given  to  the  market  superintendent,  who 
collects  the  tolls  from  the  owners  of  the  animals.  Those 
animals  sold  by  auction  pay  treble  tolls,  but  if  offered  and  not 
sold,  they  are  only  charged  the  ordinary  rate.  The  market  is 
cleansed  in  the  way  desmbed  by  Mr.  Smith.  We  have  a  hose 
from  the  ordinary  stand  pipes,  and  then  when  the  pnis  are  well 
washed  they  are  swept.  As  to  Uie  use  of  Weldon  stone  for  the 
coping,  it  is  much  cheaper  than  anj^thing  else,  and '  we  do  not 
put  it  on  the  wall  without  ha,ving  a  damp  course  of  slate  and' 
cement  under  it.  The  slaughter-houses  are  not  let  in  common. 
The  Board  of  Agriculture  sent  an  official  down  to  see  me,  and 
he  said  a  good  deal  about  limewashing  and.  disinfecting,  and 
what  I  bad  not  done,  but  eventually  we  got  a  special  order  for 
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tlie  market  (as  it  waa  properly  constructed),  and  we  got  o£f  any 
needless  leqnirementa  of  tbat  kind.  As  to  the  sort  of  thing, 
which  was  required,  I  may  say  tbat  the  posts  had  jnst  been 
painted,  and  we  were  told  to  limewaab  them.  The  depth  of  the 
water-main  is  4  feet  all  the  way. 

lib'.  A.  J.  DiCEiNSOM :  My  pdot  is  that  there  is  a  hydrauUc 
gradient  from  the  pumping  station  to  Market  Harborongh. 

Mr.  CoALES :  At  the  highest  hill,  we  have  about  12  feet  to 
spare.  The  Lord  of  th  eManor  presented  us  with  the  pleasure  fair 
tolls,  that  means  the  charge  for  roundabouts  and  things  like  that. 

Mr.  Habkis  ;  With  regard  to  the  first  point  mentioned  by 
Mr.  Greatorex,  the  maximum  charge  for  gas  is  still  3<.  1^.  per 
thousand  cubic  feet,  the  same  as  when  the  Council  took  the 
works  over ;  but  we  have  made  concessions  to  the  large  consumers 
which  brings  the  price  down  to  la.  lid.  per  thousand  cubic  feet 
for  them.  Before  long  the  Council  will  however  be  in  a 
position  to  gire  farther  concessions,  which  will  bring  the 
price  down  lower  all  round.  With  retard  to  street  lamps,  the 
chaises  are  practically  the  same,  but  we  have  Ko.  4  £em 
incandescent  burners  fitted  in  most  of  the  lamps,  and  in  some 
cases  we  have  two  or  three  lights  burning  in  a  lamp,  and  we  do 
not  charge  more  for  lamps  of  higher  candle-power.  Our  receipts 
now  amount  to  about  9300/.  per  annum,  and  the  expenditure  on 
avenue  accounts  amount  to  about  6300/.  We  have  never  yet 
had  to  touch  the  rates  for  any  money  in  connection  with  the 
undertaking,  and  in  six  years  we  have  built  up  a  reserve  of 
1500/.  beside  paying  off  900/.,  the  parliamentary  costs  incurred 
in  the  transfer  of  the  undertaking ;  and,  in  addition  to  meeting 
the  usual  charges  for  interest  on  loans,  have  repaid  principal  on 
such  loans  to  the  extent  of  3912/. 

The  works  have  more  than  paid  their  way  and  have  given 
the  rates  a  Uttld  assistance. 

The  Fbksidbnt  :  I  should  like  to  say  that  1  h(dd  no  Inief 
for  blue  brick  manufacture^,  but  have  suggested  the  use  of 
.blue  bricks  &om  a  purely  sanitary  point  of  view.  Mr.  Coalea 
misunderstood  me,  when  he  referred  to  the  roads  as  being  roads 
and  not  pens.  I  do  not  wish  him  to  put  down  blue  bricks  for 
the  main  roads  of  the  market.  If  you  notice  on  going  round  the 
market,  you  will  find  that  the  tar  paving  is  much  caked  with 
manura  It  was  from  that  point  of  view  I  ui^ed  the  use  of  blue 
ibricks,  and  not  the  other. 

The  vole  of  thanks  was  carried  unanimously. 
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RIVERS  CONSERVANCY. 
By  HEEBERT  G.  COALES,  Assoc.  M.  Ihst.  C.E.,  F.S.I. 

BiTEK  Wellabd  at  Mabket  Habbobough. 

Mabket  Hakbobouqh  is  situated  on  the  river  Welland,  four 
miles  &om  its  source  at  SibbertofL  This  river  flows  into  The 
Wash,  a  distance  of  about  45  miles,  as  the  crow  flies,  from 
Market  Harborough.  It  is  not  an  important  river  here,  aa 
Members  may  have  noticed  in  crossing  it  &om  the  railway 
station ;  but  although  so  small  it  is  quickly  affected  by  heavy 
rains — rises  rapidly  and  overflows  ita  ^nka. 

No  doubt  in  prehistoric  times  floods  broadened  fliemsdves 
out  in  the  Welland  valley,  fulfilling  their  purposes  for  good  in 
the  economy  of  nature ;  but  with  the  advent  of  man,  with  hia 
dweUings  on  the  banks  of  the  river,  floods  became  a  source  of 
suffering.  A  great  flood  occurred  in  Market  Harborough  in 
July,  1880,  when  the  water  stood  many  feet  deep  in  the  square. 
The  causes  of  the  flood  were :  neglect  of  the  river  and  its 
tributary  watercourses,  with  serious  encroachments  into  its 
channel,  owing  to  absence  of  effective  supervision  and  oontrd. 
by  any  statutory  authority. 

There  have  been  other  floods  since  1880,  but  none  of  such  a 
severe  character,  by  reason  of  some  improvements  to  the  river 
carried  out,  and  obstructions  removed,  by  private  enterprise. 
But  had  it  not  been  for  this  enterprise,  floods  would  have  been 
a  perpetual  menace  to  the  prosperity  of  the  town.  Improve- 
ments are  now  required  to  make  the  town  absolutely  secure 
from  floods ;  but  where  is  the  power  to  move  ?  The  Urban 
District  Council  cannot  move;  the  County  Councils  (for  at 
Market  Harborough  the  Welland  divides  two  counties)  cannot 
move ;  and  it  occurs  to  die  Author  that  the  time  is  more  than  ripe 
for  the  L^islature  to  move  in  the  direction  of  the  establishment 
of  Eiver  Boards,  having  control  of  each  river  from  its  souica  to 
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its  oatfall,  as  contemplated  b;  the  abandoned  Bills  of  a  quarter 
of  a  centory  ago.  Ought  such  a  condition  of  things  to  be 
tolerated  as  described  in  a  daily  paper,  not  so  long  ago,  of  a 
certain  town  ? — "  Over  two  feet  of  water  is  in  the  lower  rooms 
of  the  booses,  and  many  families,  who  have  not  left,  have  taken 
refnge  in  bedrooms.  Cocks  and  bona  are  seen  roosting  and 
starving  in  the  trees,  but  in  some  cases  they  and  the  pigs  share 
the  cottages  with  the  inmates.    Funts  are  in  nse  in  the  public 


As  represffliting  a  body  of  men  interested  in  the  health  and 
comfort  of  the  inhabitants  of  this  country,  it  may  not  be  con- 
sidered out  of  place  for  the  Association  to  support  any  voices 
raised  in  favour  of  the  establishment  of  Biver  Boards  or 
analogous  bodies.  The  Author  proposes  in  this  paper  to 
suggest  reasons  for  the  esteblishment  of  Biver  Boards,  with 
some  notes  on  the  matters  which  would  come  under  the 
observation  and  control  of  such  bodies. 

Even  a  small  river  in  flood  seems,  and  is,  a  formidahle  fact 
to  the  people  living  upon  its  banks ;  but  it  is  obviously  a  weak 
thing  to  say  that  it  is  impossible  to  remedy  such  a  condition. 
When  the  river  Welland  below  Market  Harborough  overflows 
its  banks,  spreading  its  flood-water  over  the  valley  until  it  gets 
a  quarter  of  a  mile  wide,  people  imagine  it  cannot  be  helped ; 
but  if  a  channel  of  the  capacity  of  the  River  Thames,  for  instance, 
were  substituted,  it  is  evident  thsre  would  be  no  mora  floods  in 
the  Welland  Valley.  The  whole  question  is  one  of  degree.  In 
districts  where  floods  do  harm,  the  rivers  should  be  improved  and 
the  evils  remedied;  in  localities  where  floods  do  no  harm  to 
immediate  owners,  or  to  others  at  a  distance,  no  one,  of  course, 
would  dream  of  interfering  or  expending  money  on  usdess  work. 


EXISTIHO  Leoisiation. 

■That  floods  have  not  always  been  classed  with  earthquakes 
and  tidal  waves,  as  acts  of  God,  is  evident  from  the  fact  that 
legislative  attempts  have  been  made  in  the  past  to  deal  with 
them. 

With  regard  to  existing  legislation,  the  first  public  statute 
which  nndertook  to  deal  with  river  conservancy,  and  that  upon 
which  all  subsequent  legislation  in  reference  to  the  subject  ms 
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founded.  Is  tbe  23  -Henry  VIII.  The  statute  provided  for  the 
appomtmeat  of  CommissioneTs  of  Severs  (who  lemained  in 
office  duriag  the  royal  pleasure),  with  very  extensive  powers 
for  takii^  such  measures  as  they  might  think  proper  for 
preventing  floods  and  improving  the  state  of  rivers.  The 
expenses  which  they  might  incur  for  works  of  repair,  demoli- 
tion, or  improvement,  were  to  be  defrayed  by  the  ripaiion 
owners  in  {vopoition  to  the  benefit  derived  from  the  works. 
Subsequent  Acts  defined  and  extended  their  powers ;  and  in  the 
year  1861  further  provision  was  made  for  the  drainage  of 
f^otiltural  lands  by  the  Land  Biaini^  Act  (24  &  25  Vict,  a 
133)  in  which  the  representative  principle  w&s  adopted,  as  re- 
gards the  selection  of  persons  to  deal  witli  arterial  drain^e. 
This  Act  did  not  materially  affect  the  constitution  or  functions 
of  C<mimiBsioner8  of  Sewers. 


Selbct  Committbk  of  House  of  Lobdb  1877. 

The  Select  Committee  appointed  by  the  House  of  Iiorda  in 
,1877,  to  inquire  into  the  operation  of  existing  statutes  in  r^ard 
to  the  formation  of  and  proceedings  by  CommisaionerB  of  Sewers, 
and  Conservancy,  Drainage  and  Eiver  Navigation  Boarda, 
reported  that  it  was  generally  acknowledged  that  the  Acta  had 
not  worked  successfully  for  the  prevention  of  floods,  owing 
partly  to  the  defecta  in  the  machinery  provided  for  carrying  the 
Acts  into  execution,  and  partly  to  obstructions  caused  by  private 
legislation  relating  to  drainage,  navigation,  and  matters  of  a 
similar  kind.  It  was  stated  that  there  were  between  2000  and 
3000  of  these  private  Acts.  The  Committee  recommended  tha^ 
in  order  to  secure  uniformity  and  completeness  of  action  iu 
dealing  with  each  river,  each  catchment  area  should,  as  a 
general  rule,  be  placed  under  a  single  body  of  Conservators,  who 
should  be  responsible  for  maintaining  the  river  from  its  source 
to  its  outfall  in  an  efficient  state :  as  the  existence  of  several 
distinct  authorities  for  the  course  of  a  single  river  was  fatal  to 
the  adoption  of  any  uniform  and  comprehensive  scheme  for  the 
conservancy  of  the  river  as  a  whole.  The  jurisdiction  of  the 
Conservancy  Board  should  include  the  power  of  removing 
obstructions,  improving  outfalls,  and  of  deepening  and 
dredging  the  bed  of  rivers,  and  such  power  of  dealing  with 
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liver  banks  and  bridges,  and  of  compulsorily  acqniriug  land  at  a 
fair  compensatory  value,  as  might  be  conferred  upon  tbem  by 
Provisional  Order.  Duly  limited  powers  of  rating  should  be 
conferred  upon  them ;  also  the  admiuiatration:  of  the  Rivers 
Pollution  Prevention  Acts.  The  Committee  further  recom- 
mended  that  the  istea  required  to  meet  the  expenses  of  conser- 
vancy  should  be  distributed  over  the  whole  area  of  a  watershed, 
the  lands  and  houses  below  the  flood-level  being  rated  at  a 
liigher  amount  than  those  above  it,  and  other  graduations  and 
exceptions  being  made  to  meet  particular  cases. 


GOHSEEVAUCT  BiLLS  OF  1881  JkSD  1882. 

Following  upon  the  report  of  the  Select  Committee,  Bills 
were  introduced  into  Parliament  in  1881  and  1882  dealing  with 
the  Conservancy  of  Bivera  and  Prevention  of  Floods,  but 
neither  of  them  passed  into  law. 

The  duties  of  the  proposed  Conservancy  Boards  were  to 
include  the  cleansing,  repair,  and  maintenance  of  all  existing 
watercourses  or  outfalls  for  water,  and  all  walls,  embankments, 
or  other  defences  against  water :  the  deepening,'  embanking,  or 
otherwise  improving  any  watercourse,  and  altering  or  improving, 
any  mill-dam  or  similar  obstruction,  and  the  construction  of 
any  new  watercourse,  dam,  or  embankment.  The  Bills  provided 
for  the  division  of  the  whole  kingdom  into  three  classes  of 
lands,  viz.:  lowlands,  midlands,  and  uplands.  "Lowlands" 
were  lands  liable  to  ordinary  floods;  "midlands,"  liable  to 
occasional  floods  and  obstruction  by  flood  of  drains ;  and  "  up- 
lands," all  the  remaining  lands. 


EOYAL   COMMISSIOH  OF  1898. 

The  Boyal  GommisBion  on  Sewage  Disposal,  appointed  in 
1898,  has  reported  in  favour  of  the  setting  up  of  Biver  Boards, 
with  the  watershed  as  the  administrative  area,  having  control  of 
the  streams  in  respect  to  pollution,  water-supplies,  and  fisheries. 

If,  therefore,  Parliament  would  pass  a  Bill  based  on  the 
conclusions  arrived  at,  after  hearing  expert  evidence,  by  its 
Select  Committee  and  its  Boyal  Commissions,  the  country  would 
gref^y  benefit.  . 
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Ebasons  roB  Inaction. 


If  the  whole  condition  of  the  waterconrses  of  Ei^land  is 
looked  at  broadly,  it  is  difficult  to  believe  how  people  have 
tolerated  their  neglect  bo  long.  We  have  not  so  treated  the 
question  in  ^ypt  I  No  doubt,  if  there  occurred  several  cod- 
secative  yeaiB  of  excesaive  lainfoll,  or,  on  the  other  hand,  of 
drought,  the  question  would  be  forced  into  practical  politics 
again ;  but  the  law  of  avenges  works  in  favour  of  letting  things 
alone. 

It  appears  there  are  two  reasons  why  authorities  have  not 
hitherto  been  established  for  the  management  and  control  of  our 
rivers  and  streams : — 

1.  The  unwillingness  of  legislators  to  interfere  with  private 
property,  vested  interests,  or  prescriptive  rights. 

2.  The  difficulty  of  propounding  an  equitable  rating  scheme 
to  provide  the  necessary  funds  for  the  administration  by  the 
Eiver  Authority, 

With  r^ard  to  the  first  objection,  the  riparian  owners, 
having  failed  to  remedy  the  existing  evils  with  tbeii  present 
powers,  and  a  case  having  been  made  oat  for  action.  Parliament 
should  intervene  in  the  interests  of  the  community  at  large. 

Kespecting  the  second  objection,  it  should  not  be  beyond  the 
wisdom  of  Parliament  to  devise  an  equitable  rating  basis  for  one 
more  body,  having  r^ard  to  the  number  of  administrative  bodies 
already  established. 

In  the  event  of  Biver  Boards  being  established,  there  can  be 
little  doubt  the  Members  of  our  Association  will  be  interested 
directly  or  indirectly  in  their  administration.  With  this  sop- 
position  in  view,  the  Author  proposes  to  set  out  in  a  few  notes 
what  he  conceives  are  matters  which  will  have  to  be  considered 
by  the  Boards. 

Eaihpau. 

The  average  rainfall  for  the  45  years  ending  in  1902  (as  given 
in  "British  Bainfall")  was  approximately  25  inches,  whereas 
the  exceptional  floods  of  1903  were  caused  by  a  rainfall  of 
36  inches.  If  rain  fell  at  a  &irly  uniform  rate  throughout  the 
year,  the  rivers  and  streamB  would  pass  the  flow  off  to  the  sea 

Dig-izedbyGOOgk- 


RIVERS  CONSEBTANCr.  219 

in  a  steady  manner  vithout  difficulty.  But  the  rftin  does  not 
At  one  period  we  have  a  deluge,  and  a  flood ;  at  another  an  entire 
absence,  of  rain,  and  a  drought.  Both  are  bad,  and  a  corrective 
of  a  diSeient  natoie  is  required  in  each  case :  in  the  one  case  an 
improved  channel,  in  the  other  a  storage  of  water  for  purposes 
of  irrigation  or  domestic  nse.  We  must  never  forget  Providence 
has  bestowed  upon  the  British  Isles  a  supply  of  rainfall  ample 
for  all  puiposea — beneficial  when  controlled,  disastrous  when 
neglected. 

Data. 

One  of  the  duties  of  a  Kiver  Board  would  be  to  gather 
reliable  data  as  to  the  rainfall  in  the  watershed  under  control, 
tc^ther  with  tlie  known  Bood-height«,  the  strata  of  the  districts, 
etc.,  upon  which  the  remedial  works  could  be  based.  Observa- 
tions and  records  of  various  important  matters  would,  in  the 
conrse  of  a  very  few  years,  lead  to  a  thorough  knowledge  of  the 
eccentricities  of  the  streams.  It  should  not  be  impossible  in 
most  districts  to  know  at  difTeront  degrees  of  saturation  of  the 
subsoil  just  how  much  rain,  falling  in  a  given  time  under 
present  conditions,  would  cause  a  flood,  how  long  the  flood  would 
be  in  rising,  and  its  duration. 


Floods. 

The  Select  Committee  of  the  House  of  Lords  reported  that, 
in  the  opinion  of  several  witnesses  of  experience,  floods  of 
moderate  duration  are  not  always  prejudicial,  but,  on  the 
contrary,  have  the  effect  of  improving  and  fertilising  grass  lands 
by  the  deposit  which  they  bring  down ;  and  that  in  such  cases  it 
is  mainly  when,  owing  to  insufilcient  arterial  drain^e  or  other 
causes,  flood  waters  are  euflered  to  stagnate  upon  the  soil  for  a 
length^ied  period,  that  injurious  consequences  are  found  to 
arise.  Id  &ct,  it  has  been  urged  as  a  reason  for  not  taxing  the 
uplands  for  river  works,  that  they  contribute  to  the  value  of  the 
lowlands,  by  sending  down  fertilising  and  enriching  producte  in 
the  way  of  manure  and  soil  during  heavy  rains.  On  the  other 
hand,  the  lowlands,  whilst  accepting  the  involuntery  gift,  think 
it  does  not  compensate  them  for  the  damage  caused  by  tiie  mcne 
rapid  diachatge  of  upland  flood-water,  caused  by  the  improved 
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systeioa  of  land  drainage,  and  the  better  cleansing  of  ditched 
Again,  no  one  can  make  out  a  case  for  floods  being  a  benefit  to 
towns ;  on  the  contrary,  they  are  disastrous  and  pestilential  in 
the  extreme.  Floods  are  detrimental  to  arable  land,  and  in  a 
valley  liable  to  floods  only  a  paatore  should  exist. 


STBA.IGHTENmG,  WIDENING,  AND  EmBAJTEINO  RlVERS. 

If  one  could  take  a  certain  river  and  measure  the  distance 
as  the  crow  flies  from  its  source  to  the  sea  and  divide  by  the 
total  fall  we  should  not  get  its  true  hydraulic  gradient,  as  its 
meandering  and  twisting  and  doubling  would  make  the  real 
distance  much  greater.  We  know  that  the  sharper  the  gradient 
the  leas  sectional  area  of  waterway  is  requited  to  pass  off  a  given 
amount  of  water;  it  is  evident,  therefore,  that  the  straighter  the 
channel,  the  sectional  area  being  the  same,  the  q^uicker  will  the 
water  get  to  the  sea.  The  channels  should  tiierefore,  where 
practicable,  be  straightened,  and  the  loops  cut  through,  as  this 
may  save  widening.  Where  the  channels  cannot  be  straightened 
they  may  be  widened,  and  where  tbey  cannot  be  straightened 
or  widened  they  may  be  embanked  or  deepened.  Embankments 
appear  to  be  the  cheapest  way  of  lieeping  floods  under  control 
in  most  of  our  English  rivers.  An  objection  to  embanking  has 
been  raised  in  districts  where  there  are  no  waterproof  soils 
within  reach,  but  a  flood  usually  is  of  such  short  dnration  that 
the  water  would  not  have  time  to  percolate  through  the  porous 
subaoU  before  the  flood  subsided  again.  Where  an  embankment 
is  made  by  the  side  of  a  river,  it  might  be  necessary  to  construct 
an  intercepting  drain  parallel  with  it  on  the  land  side  of  the 
embankment  away  from  the  river,  for  the  drainage  of  the  land 
with  an  outfall  at  a  lower  reach  of  the  river,  otherwise  some 
land  would  get  waterlogged.  Embankmraits  would  have  to  be 
thrown  up  at  such  a  distance  &om  the  ordinary  channel  as  to 
make  such  a  sectional  area  as  would  be  capable  of  passing  on 
the  largest  known  amount  of  local  flood-water.  Each  river  or 
part  of  a  rirer  would  have  to  be  separately  studied,  and  the 
embankments  varied  accordingly.  It  is  obvious  that  the  land 
between  the  embankments  and  the  river  would  not  do  for  any- 
thing but  grass  land.  Cereal  crops  and  roots  would  be  carried 
away^  and  osiers  would  cause  obstruction  during  a  flood. 
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■  It  would  tend  to  the  improvement  of  land — or,  at  all  events, 
in  the  direction  of  preventing  ita  deterioration — ^for  a  Board  to 
give  landowners  a  good  and  sufficient  oatfall  for  their  land 
drainage ;  now  often  an  impossibility  owing  to  the  absence  of 
co-operation  between  neighbouring  owners. 


OBSTBUCTtVB  BEmOES  AKD  WEIBS. 

There  are  bridges  which  would  be  sufficient  for  passing  on 
flood-water  were  the  side-archea  kept  clear  of  sediment  and 
obatmctions ;  hut,  on  the  other  hand,  there  are  other  bridges 
which  are  gre&t  obstructions  themselves  with  insufficient 
waterway,  either  in  width,  or  head-rOOm,  or  both.  Mr.  M.  O. 
Tarbottom,  of  N'ottingham,  stated  before  the  Lords  Committee 
that  the  old  Trent  Bridge,  built  800  years  ago,  obstructed  the 
-Aater  16  to  18  inches.  The  County  Councils  of  Leicestershire 
and  Northamptonshire,  with  the  local  authoritiea,  have  recently 
substituted  an  iron  lattice  girder  brli^  In  place  of  an  obstructive 
brick  bridge  over  the  river  Welland  at  Market  Harborough. 
This  old  bridge  held  up  the  flood-water  some  18  inches.  It  is 
to  be  hoped,  however,  that  no  picturesque  old  brii^es  would  be 
pulled  down  unless  absolutely  necessary,  aa  it  would  bo  possible 
in  many  cases  to  relieve  the  pressure  by  means  of  additional 
flood-arches  and  wallows  without  perpetrating  acts  of  vandalism. 

The  Lords  Committee  reported,  with  reference  to  mill- 
owners  :  "  The  removal  of  obstructions  would  frequently 
necessitate  an  interference  with  prescriptive  rights  of  mill- 
owners  and  others  in  respect  of  dams,  and  weirs,  and  mill-gates ; 
and  the  Committee  think  that,  whilst  such  rights  should  be 
made  the  subject  of  compensation  when  requiring  to  be  inter- 
fered with,  great  caution  should  be  exercised  in  dealing  with 
them,  as  the  evidence  before  the  Committee  points  to  the  con- 
clusion that  weirs  and  dams,  when  constructed  in  a  proper 
manner,  are  not  necessarily  prejudicial.  The  Committee  are  of 
opinion  that  it  should  be  competent  to  the  Conservancy  Board  to 
take  such  steps,  by  arrangement  or  otherwise  if  necessary,  as 
shall  provide  for  the  opening  of  mill-gates  in  the  event  of  a  flood 
or  expected  flood." 

Major  Kower  (Engineer  of  the  Lea  Conservancy  Board) 
said — "  I  can  verify  the  statement  that  water-mills  occasion 
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floodfl,  and  also  dronghte  of  water.  I  atrongly  advocate  the 
doing  away  with  milla,  or  having  them  nnder  controL" 
Opinions,  seemingly  opposed,  may  possibly  be  reconciled  by 
remembering  that  each  river  has  its  own  characteristics  and 
peculiarities,  and  is  open  to  different  modes  of  treatment. 


Deouoht.    Ibkiqation. 

The  occurrence  of  calamitous  floods  most  never  make  ns 
fo^et  that  there  arc  anch  evils  as  droughts,  when  v^tation  is 
burnt  up  for  lack  of  moisture,  and  farmers  and  graziers  would 
give  almost  anything  for  water.  Here,  then,  is  scope  for  the 
attention  and  foresight  of  a  Biver  Board.  To  the  extent  to 
which  it  is  possible,  means  should  be  devised  for  holding  up  the 
level  of  the  available  water  in  the  riven  and  tributaries  for  the 
irrigation  of  land  lying  below  that  level  This  could  be 
accomplished  by  the  inatallatiou  of  movable  gates,  placed  either 
in  the  main  stream  or  in  a  sufficient  tributary  stream,  and  Uie 
water  conveyed  from  the  upper  side  of  the  weir  by  a  aide 
channel,  or  by  a  system  of  pipes,  to  the  land  below.  To  an 
extent  this  is  now  done  in  some  counties,  but  not  to  the  extent 
it  might  be  under  the  direction  of  a  controlling  Board  wiUi 
extensive  powers.  In  some  localities  it  wonld  be  quite  feasible 
to  impound  flood-waters  in  storage  reservoirs  at  sufficient 
elevation  to  command  certain  midlands  and  lowlands. 


Watie  Sotplt. 

It  is  generally  conceded  that  the  storage  of  flood-water  has 
an  infinitesimal  effect  in  the  mitigation  of  floods :  the  quantity 
of  water  which  it  Is  possible  to  hold  up  being  so  very  small  in 
comparison  with  the  water  rolling  down  the  sbeaoL  But  whilst 
this  fact  is  true,  it  is  most  desirable  to  store  wster  for  purposes 
of  water  supply,  municipal  purposes,  and  irrigation. 

In  many  districts  the  acquisition  of  land  for  the  construction 
of  impounding  reservoirs  would  not  be  a  very  serious  affair,  with 
the  low  prices  of  land  obtaining  to-day. 

There  seems  no  reason  why  each  Biver  Board  should  not 
allot — on  paper  at  all  events — sources  of  water  supply  for  every 
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town  and  village  within  ita  watershed.  This  would  preTent 
the  larger  towns,  with  the  longest  purses,  inequitably  secoring 
what  oi^ht  really  to  be  the  supply  of  some  Bmaller  place.  On 
the  other  hand,  it  would  lead  to  Uie  economising  of  the  available 
supplies,  by  preventing  districts  &om  monopolising  &r  more 
gathering  ground  than  was  reasonable  for  future  use.  In 
England  it  must  always  be  remembered  that  the  watersheds  are 
constant,  whilst  the  population  is  increasing ;  so  that  the  con- 
servation of  water  is  really  a  question  of  national  importonca 

Prudent  considerations  should  prompt  authorities  to  conserve 
flood-waters  during  wet  seasons  to  augment  existing  supplies 
during  times  of  drought 

It  has  been  sn^ested  that  shafts  or  dumb  wells  might  be 
sunk  in  some  localitiefl  in  water-bearing  strata  and  flood-water 
turned  into  them,  so  that  the  underground  reservoirs  might  be 
mplenished.  This  is  a  matter  that  should  receive  the  closest 
attention  of  any  authority  having  jurisdiction  in  a  watershed. 
Mr.  J.  Bailey  Denton,  C.£.,  told  the  Lords  Committee  in  1877 
that  the  under-draini^  water  in  England  and  Wales  might  in 
wet  yeara  equal  a  new  Thames  in  volume. 

Having  seen  that  the  tendency  of  modem  drainage  is  to 
harry  the  water  from  the  land  to  the  rivers  as  quickly  ss 
possible,  it  is  obvious  that  permeable  strata  has  less  opportu- 
nity of  arresting  the  water  than  before  the  drainage  era,  when 
natural  percolation  was  greater.  If,  then,  we  cannot  have  suffi- 
cient underground  storage  of  water  for  our  town  supplies,  we 
must  impound  the  necessary  amount  of  flood-water  in  open 
reservoirs. 

The  Board  of  Agriculture  have  recently  recommended  to 
water  authorities  the  afforestation  of  catchment  areas.  This 
would  tend  to  keep  the  water  supply  purer,  and  increase 
infiltration  by  arrestbig  evaporation. 


"Watee  Poweb. 

Whilst  the  owners  of  existing  water-mills  would  of  course 
be  privileged  to  retain  their  water  rights — always  provided 
those  rights  were  not  detrimental  to  the  public  w^il,  in  which 
case  their  suppression  would  he  subject  to  compensation — the 
River  Board  wonld  in  certain  cases  be  able  to  lease  water 
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power  to  UadowiieTS  and  others  where  the  levels  arid  conditions 
■were  possible.  A  survey  and  consideration  of  the  whole 
watershed  wonld  reveal,  in  many  localities,  possibilities  for  the 
utilisation  of  water-power  at  present  overlooked,  or  impoeaible 
to  utilise  under  the  present  limited  jurisdiction. 


PlbabttsB. 

It  does  not  require  any  great  stretch  of  imagination  to 
conceive  of  the  very  great  source  of  pleasure  which  a  n^lected, 
shallow,  offensive  river  through  a  town  would  become  if  trans-, 
formed  into  a  cared-for,  embauked,  and  clean  stretch  of  water, 
with  its  facilities  for  boating,  bathing,  and  skating.  Those 
towns  which  have  already  acquired  power  of  control,  and 
carried  out  schemes  of  river  improvements,  certainly  have 
added  very  much  to  their  beauty  and  attractions.  Equitable 
arraii^menta  do  dpubt  would  be  made  between  Eiyer  Boards 
and  the  local  authorities  for  facilities  in  the  execution  of  such 
local  improvements.  Common  honesty  would  preclude  money 
being  expended  on  what  might  be  deemed  a  luxury  from  the 
treasury  on  the  Kiver  Boards,  for  the  benefit  alone  of  a  particular 
community :  one  would  imagine  a  Biver  Board  to  be  a  strictly 
business  authority,  jealous  of  unnecessary  outlay,  working  for 
the  watershed  as  a  whole. 


Kavigatiok. 

It  is  nob  now  practicable  to  copy  navigation  in  its  most 
primitive  form,  when  transport  was  carried  on  by  the  aid  of 
Htanches.  ,  Neither  is  navigation,  as  we  know  it,  practicable  at 
all  on  some  rivers ;  nor  remunerative  on  others,  having  regard 
to  the  facilities  of  transport  given  by  railways.  On  the  other 
hand,  navigation  is  quietly  bdng  prosecuted  on  some  navigable 
rivers,  and  possibly  might  be  extended  to  others.  There  are 
certain  classes  of  merehandise  which  do  not  call  for  great  speed 
in  delivery,  and  in  those  oases  navigation  would  be  asefuL  The 
little  competition,  too,  arising  with  some  of  the  railways  wonld 
not  be  a  disadvantage  to  traders.  Navigable  rivers  ^ould  be 
considered  as  analogous  to  roads,  and  as  much  care  should  b& 
bestowed  upon  them.    Cheaper  inland  transit  for  our  indugtrial 
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ptoductB  would  be  of  great  benefit  to  the  country  in  meetiiig 
foreign  competitioD.  The  canal  pioneer  did  good  work  in 
oonnecting  one  river  with  another  bj  means  of  canals :  the 
railway  companies,  however,  have  obtained  1200  miles  or  so  of 
canal,  and  "so  adroitly  selected  as  to  strangle  the  whole  of 
the  inland  water  traffic,"  said  a  witness  before  the  Select 
Committee  of  1883. 

Bivers  being  natoral  streams  falling  towards  the  sea,  present 
the  initial  difficulty  to  navigation,  inasmuch  as  they  entail 
the  provision  of  locks  in  all  np-country  reaches.  These  locks 
might  be  considered  accessory  to  the  making  of  floods,  although 
the  before-mentiosed  expert  evidence  given  before  the  Select 
Committee  does  not  bear  out  this  misgiving,  where  the  looks  and 
weirs  are  properly  arranged  and  placed. 


Laboub. 

The  control  of  a  watershed  by  a  Btver  Board  would  lead  to 
the  employment  of  a  considerable  amonnt  of  labour  in  the 
country.  Not  that  labour  woold  be  employed  for  the  sde 
purpose  of  giving  relief  to  the  unemployed,  for  that  might  be 
nnremnnerative,  whereas  \ho  object  of  the  Board  would  be  to 
execute  work  calculated  to  benefit  property,  and  the  comfort, 
health  and  prosperity  of  the  community. 

On  the  oth^  hiuid,  it  is  obvious  how  mach  labour  might 
advantageously  be  employed  in  t^  execntioD  of  what  are  now 
neglected  duties.  How  dioked  and  overgrown  with  weeds  and 
obstructed  by  living  and  fallen  tzeas  are  many  stieams  1  How 
seldom  are  accumolationa  and  silt  banks  cleared  away  or  the 
banks  cared  for  I  Culvert«  and  drains  are  allowed  in  some  cases 
to  practically  sUt  up,  and  ditches  and  watercouiaes  overflow  for 
want  of  attention.  How  many  side  arches  of  river  bridges  have 
lost  several  feet  of  head-room  by  the  neglect  of  flood  deposits  I 

New  works,  too,  would  largely  entail  the  employment  of 
labour,  such  as  the  constarnotion  of  embankments  and  flood- 
channels,  training  of  rivers,  piling  works,  building  weirs  and 
catting  drains. 
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Fisheries. 


The  Soyal  Commission  on  Sewage  Disposal  and  the  Salmon 
Fisheries  CommiaaioD  agree  in  recommending  the  setting  up  of 
a  Board  capable  of  dealing  with  the  fisheries  of  an  entire  water- 
shed and  with  all  tidal  waters,  with  power  to  control  foreshores 
and  to  prevent  the  taking  of  shell-fish  for  human  consnmption 
from  any  position  liable  to  risk  of  dat^roaa  contamination. 
When  sewage  and  chemicals  are  kept  oat  of  the  &esh  waters  of 
the  British  Isles,  it  does  not  seem  too  much  to  hope  for  a 
reversion  to  die  well-stocked  fish  streams  and  ponds  of  our  fore- 
fathers. In  some  localities  it  requires  a  stretch  of  imagination 
to  believe  that  oar  modem  word  "  weir "  is  derived  horn  an 
Anglo-Saxon  verb  meaning  a  burier  in  B  stream  to  hold  up  or 
enclose  water  for  catching  fish. 

ErVKRS  PoLLonoN. 

The  Boyal  Commission  on  Sewage  Disposal  recommends 
that  the  Rivers  Pollution  PreventioQ  Acts  should  be  administered 
b;  the  Eivers  Boards. 


DISCUSSION. 

The  Pemidsnt  :  I  must  congratulate  Mr.  Coales  on  writing 
this  paper  and  bringing  the  subject  before  the  Association. 
Until  we  have  Biver  Boards  throughout  the  country,  I  am  afraid 
our  rivers,  instead  of  being  brought  back  to  their  original  clear 
and  pellucid  state,  will  continue  to  be  streams  very  much 
polluted.  I  think  that  if  the  country  generally  were  to  follow 
on  the  lines  of  the  Yorkshire  Bivers  Board,  it  would  be  for  the 
good  of  the  country.  I  noticed  in  passing  over  the  bridge  near 
to  this  room  that  the  river,  which  divides  the  counties  of 
Leicester  and  Northampton,  appeared  to  be  somewhat  polluted. 
If  you  had  a  Kiver  Board  here,  it  would  most  likely  cause  some 
change  to  be  made  even  in  this  locality. 

The  Chairman  (Mr.  Douglass) :  It  ia  not  caused  by  us,  but 
by  a  village  higher  up  the  stream. 

The  President  :  I  think  the  time  is  not  far  distant,  when  we 
shall  have  rivers  boards  formed.    There  is  a  commissian  now 
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sitting  OD  the  subject  of  aewage  disposal.  It  seems  that  the 
formatioD  of  Bivers  Soaids  is  within  measurable  distance,  and 
the  sooner  th^  come  aboat  the  better  it  will  be.  We  have 
improved  our  roadways,  and  it  is  about  time  we  b^an  to 
improve  onr  rivers. 

Mr.  £.  J,  SlLcoCE  :  I  have  great  pleasure  in  proposing  a  vote 
of  thanks  to  Mr.  Coales  for  his  paper  on  this  subject.  Bivers 
conservancy,  as  the  President  has  said,  is  a  subject  of  the  greatest 
importance,  and  as  I  come  &om  the  West  Eiding  of  Yorkshire, 
where  the  Rivers  Board  is  somewhat  active,  I  can  tell  yon  that 
they  have  done  a  considerable  amount  of  good  in  keeping  polla- 
Uon  out  of  the  rivers  in  their  district.  But  they  have  not 
sufKcient  powers,  and  they  are  in  the  unfortunate  position  of  not 
being  able  to  get  further  powers.  They  proposed  to  go  to 
Parliament  this  present  session,  but  an  action  was  commenced 
against  them  by  one  of  the  contributory  bodies  to  prevent  them 
applying  their  funds  for  the  purpose  of  promoting  a  Bill  in 
ParUament.  They  are  in  this  position  :  they  have  funds  to  spend, 
but  cannot  spend  them  on  getting  further  powers.  That  cripples 
them  to  some  extent,  and  there  will  have  to  be  some  public 
le^islataon  introduced  to  invest  them  with  considerably  more 
power  than  they  have  at  present.  The  sewage  commission 
appears  to  be  one  of  those  things  which  go  on  for  ever.  They 
have  issued  several  interim  reports,  but  do  not  appear  to  bfr 
gettii^  nearer  to  a  conclusion  of  the  whole  matter.  One  of  thb 
gieat  difficulties,  which  was  referred  to  by  the  Author  in  the 
paper,  is  the  difficulty  of  propounding  an  equitable  scheme  of 
rating,  and  that  is  one  which  strikes  at  the  root  of  the  whole 
matter  in  all  sorts  of  districts,  not  only  in  town  districts,  but  in 
country  districts  as  weU.  In  the  town  districts  if  you  are  going 
to  keep  pollution  out  of  the  rivers,  you  are  going  to  destroy  to 
a  Yerj  great  extent  some  of  the  manufactories.  On  die  other 
hand,  if  in  country  districts  you  are  going  to  carry  out  large 
works  to  prevent  floods,  you  are  going  to  spend  such  large  sums 
of  money  as  to  cripple  the  Ipnd.  X  have  bad  some  experience  in 
that  direction.  At  one  time  I  was  engineer  to  the  Nar  YaUey 
Drainage  Board.  Thai  board  was  formed  to  improve  the  river 
Kar,  and  to  so  drain  the  land  as  to  prevent  flooding.  The  prin- 
ciple of  rating  adopted  was  to  divide  the  district  into  three  zones, 
which  were  rated  on  a  diflerential  basis.  All  the  works  were 
carried  out  and,  when  completed,  the  lowest  portion — the  flood 
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zone — ^was  rated  to  such  an  extent  that  the  land  would  not  pro- 
dnce  the  rate,  and  the  board  had  to  sequestrate  the  land.  That 
board — the  dtairmaD  of  which  ia  a  member  of  Parliament — is 
to-da;  in  possession  of  land  in  the  yalley  which  has  been  given 
up  by  the  owners,  who  said,  "Ton  can  take  the  land  and  get  what 
you  can  from  it,  but  we  cannot  afford  to  pay  for  that  land  the 
rates  asked  from  it."  As  a  matter  of  &ct  the  land  was  not 
benefited  to  the  ext«Dt  anticipated  by  the  drainage.  The  peat 
land  which  was  druned  did  not  produce  aa  good  herbage  as 
before,  and  some  of  the  land  in  the  higher  parts  of  the  valley 
was  over-drained,  and  the  water  supply  for  the  stock  was  in- 
sufficient in  dry  weather.  In  that  particular  case  the  imionve- 
ment  works  were  not  by  any  means  a  great  success. 

Mr.  A.  J.  Dickinson  :  I  would  like  to  say  a  word  as  to  the 
effect  of  flood-water  on  grazing  land.  I  was  formerly  in  a  rural 
district.  It  was  on  the  river  Thame,  a  tributary  of  the  Thames, 
and  it  had  a  conservancy  board.  They  were  very  careful  as  to 
preventing  any  pollution  of  the  river,  bat  when  it  came  to  doing 
anything  themselves  it  was  another  matter.  It  was  veiy  liable 
to  floods,  and  in  1903  the  land  was  flooded  thegreaterpaitof  l^e 
summer.  Whenever  there  are  floods,  a  deposit  is  left  on  the  land, 
so  that  the  farmers  dare  not  place  cattle  on  the  land  for  some 
time,  and  the  grass  for  grazing  purposes  is  practically  valueless. 

Mr.  J.  S.  PicKBEniG :  The  town  of  Nuneaton  which  I  repre- 
sented a  few  years  ago  was  subject  to  floods,  and  an  important 
scheme  for  thfflr  prevention  is  now  being  carried  out  by  Mr. 
Cook,  my  successor.  Mr.  Coales  suggests  that  neither  the  Urban 
Council  nor  the  County  Council  can  move  in  the  matter  of  floods. 
I  do  not  agree  with  him.  Market  Harborough  appean  to  be 
placed  in  much  tiie  sune  position  as  Nuneaton.  The  Nuneaton 
authorities  promoted  a  BUI  in  Parliament,  carried  it  through, 
and  now  the  scheme  is  being  carried  out  at  a  cost  of  10,000^. 
One  great  hardship  in  approaching  Parliament  is  the  enormous 
expense  involved  in  getting  BUIs  throi^ih.  This  particular  Bill, 
although  there  was  practically  no  opposition,  has  cost  the  town 
something  like  1200/.,  and  I  need  hardly  say  that  this  has  not 
gone  into  the  pocket  of  the  engineer,  who  has  done  the  bulk  of 
the  work.  Hiere  is  not  much  help  to  be  got  &om  the  Local 
Government  Board,  because  they  made  a  stipulation  that  the 
money  shall  be  paid  off  in  five  years.  It  is  costing  about  a 
penny  rate  to  pay  off  the  promotion  expenses,  while  the  cost  of 
the  actual  work  is  spread  over  thirty  years.     Hr.  Coales  expects 
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the  lipariftD  ovneis  to  bear  a  share  of  the  coat  of  doing  Uiia  work. 
I  do  not  think  it  is  the  Auty  of  riparian  owners  to  undertake 
river  improTements.  I  think  the  work  should  be  undertaken 
by  the  people  who  are  going  to  bene6t  by  it  I  agree  with  Mr. 
Coales  as  to  the  desirability  of  placing  the  rivers  under  the 
contrd  of  rivei  boards,  and  I  think  the  recommendations  made 
by  the  Select  Committee  of  the  House  of  Lords,  and  later  by 
the  Sivers  Pollution  Commission  are  what  should  be  ultimately 
carried  out  There  is  no  donbt  that  river  boards  are  a 
necessity,  if  we  are  to  properly  deal  with  the  ilooding  of  towns 
and  the  pollution  of  rivers  in  a  satis&ctory  manner. 

Mr.  T.  R  SioTH :  There  is  acme  work  in  connection  with 
riven  conservancy,  in  which  the  riparian  owners  might  take  a 
share.  Take  the  question  of  water  supply.  When  we  construct 
a  reeervoir  for  the  supply  of  a  town,  that  work  is  largely  made 
into  a  work  of  river  consovancy.  You  go  to  a  very  large  expense 
and  th^i  yon  find  that  one-third  of  the  water  has  to  be  given 
back  to  the  brook  as  compensation  water.  It  is  not  right  that 
we  should  take  the  whole  of  the  water,  but  one-third  is  very 
much  more  than  compensation.  It  occurs  to  me  that  something 
smaller  than  one-third  should  be  the  amount  to  be  given  to  a 
brook,  and  if  the  riparian  owners  want  more,  they  should  pay 
something  for  that  firom  which  they  benefit  so  much.  It  is 
pointed  out  in  the  paper  that  many  of  the  streams  are  very 
much  n^lected,  and  their  course  very  much  choked  and  over- 
grown with  weeds.  Quite  apart  &om  sewage  pollution  a  large 
amount  of  natural  pollution  takes  place,  and  exercises  the 
maximum  efTect  on  rivers  choked  with  weeds.  The  nearest 
town  is  always  blamed  for  this  pollution,  whereas  if  the  streams 
were  kept  clear  of  weeds,  the  water  would  get  away  more  quickly 
and  have  no  effect  on  the  stream. 

Mr.  F.  C.  Cook  :  I  have  read  Mr.  Coales's  paper  with  very 
great  interest,  end  I  think  he  is  to  be  complimented  on  having 
brought  a  very  pressing  matter  before  the  Association  in  snch  a 
lucid  manner.  The  cost  of  obtaining  the  requisite  powera  {oe- 
vents  a  great  deal  of  necessary  work  being  carried  out  by  the 
smaller  towns  all  over  the  country.  It  nearly  led  to  the  council 
at  Nuneaton  dropping  the  question  of  floods  prevention  al- 
together or  tinkering  with  it  from  money  available  from  the 
current  rate.  We  first  hod  to  make  application  to  the  Local 
Government  Board,  an  inquiry  was  held,  and  then  they  referred 
OS  to  the  Board  of  Agriculture  and  Fisheries.    What  tiie  Board 
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of  Fiaberies  had  to  do  with  a  river  vlucb  had  not  had  fiah  in  it 
for  years  I  cannot  tell.  If  it  had  not  been  for  the  (act  that 
eighteen  months  since  we  nearly  had  a  repetition  of  a  flood  of 
fonr  yeais  ago,  when  the  damage  to  one  large  foctory  was  asaeaaed 
at  9000/.,  and  the  cost  to  the  town  was  doable  that  amount,  I  be- 
lieve nothing  would  have  been  done,  bat  the  matter  was  r^arded 
as  ao  serions  that  we  were  absolutely  driven  to  obtaining  Parlia- 
mentary powers.  I  think  it  is  something  approaching  a  scandal 
that  a  amall  commnnity  should  have  to  pay  aach  an  amonnt  d 
money  to  obtain  powers  to  do  necessary  bat  qoite  nnremnnera- 
tive  work.  The  cost  of  obtaining  oar  Bill,  which  has  to  be  paid 
for  in  the  next  five  years,  will  be  mcH«  dnrii^  that  period  than 
the  annnal  payment  of  principal  and  interest  in  leapect  of  the 
cost  of  carrying  ont  the  work  itself.  Whether  the  object  aimed 
at  is  to  be  attained  by  the  constitation  of  Bivera  Boards  is  a 
difScalt  matter  to  determine,  particalarly  after  what  Mr.  SOoock 
has  aaid.  I  do  not  think  the  multiplying  of  these  rating 
authoiitiea  is  to  be  commended,  but  I  certainly  think  it  is  a 
matter  in  which  legislation  should  be  resorted  to. 

Mr.  CoALEB,  in  reply,  said;  This  is  not  my  qoesticm  bnt 
everybody's  qaestion.  Mr.  Pickering  (ritidaes  one  note  in  the 
paper  that  I  do  not  think  the  urban  district  council  can  move 
in  this  matter.  I  do  not  think  we  can.  If  a  district  happens 
te  extend  a  quarter  of  a  mile  beyond  the  town,  your  Bill  would 
not  cover  the  district  beyond  your  own  boondary.  If  you 
cannot  carry  the  work  to  the  outiTall,  and  get  that  properly  con- 
structed, it  is  useless  to  do  work  in  yoor  own  (Strict.  Yoa 
want  the  whole  cotuae  of  the  waterway  improved. 

The  Pkisidemt  :  I  think  when  the  Kivera  Boards  are  formed 
the  sooner  the  absurd  local  boundaries  are  altered  so  as  to  onn- 
cide  with  the  boundaries  of  the  watershed  areas  the  better. 

The  Pebsidknt  moved  a  hear^  vote  of  thanks  to  the 
Chairmao  and  Members  of  the  Urban  District  Council,  for  the 
use  of  the  Council  Chamber  for  the  Meeting,  which  was  seconded 
and  heartily  accorded. 

Mr.  Coales  entertaiTied  the  Memhers  atUnding  the  Meeting  to 
luncheon  in  the  tettting  room  at  the  Market.  The  afternoon  wot 
occupied  with  the  inspection  of  the  Market  and  Buildings,  Firt 
Station,  and  Waterworks,  On  returning  to  Market  Harborough, 
the  Members  ieere  hospHaUif  entertained  to  tea  by  Mr.  Clark 
at  his  residence. 
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WESTERN   DISTRICT  MEETING  AT 
GLOUCESTER. 

Jons  3j  1905. 

Edd,  in  the  CotmcU  Chamber,  OuUdhall,  Gloucester. 

A,  T.  Davis,  M.  Inst.  C.  E.,  Pbbsidknt,  in  the  Chair. 


The  Mayor  (Councillor  W.  Langley  Smith)  recoived  the  Members 
and  offered  them  &  hearty  welcome  to  the  town. 

The  President,  on  behalf  of  the  Association,  thanked  the 
mayor  for  the  very  cordial  reception  he  had  given  them,  and 
took  the  opportnnity  of  offering  the  congratulatious  of  the  Asso- 
ciation to  the  city  Borreyor  on  his  election  to  a*  seat  on  the 
Council  of  the  Association. 

The  Minutes  of  the  last  Western  District  Meeting  were  read, 
coofirmed,  and  signed. 

Mr.  J.  S.  Pickering  was  unonimonsly  re-elected  Honorary 
District  Secretary. 

The  following  papers  were  read  and  discnssed. 


MUNICIPAL   WORKS  OF   THE   CITY   OF 
GLOUCESTER. 

By  R  bead,  A.M.IN8T.C.E.,  City  Sorvktoe. 

HlSTOBY. 

The  city  of  Gloucester  is  one  of  the  most  ancient  in  the 
kingdom.  The  ancient  Britons  called  it  Caer-Glowe  or  the 
"  Fair  City."  The  BomaoB,  who  enclosed  it  with  a  wall  seven 
feet  thick,  and  established  a  garrison  here  about  a.d.  43,  called  it 
"  Glevum,"  and  kept  up  constant  communications  with  other 
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BomaQ  stations  at  Cirencester,  Colchester  and  other  places  hy 
means  of  the  "Ermine  Street  which  was  conBtructed  in  the 
reign  of  Nero."  They  also  for  over  four  hundred  years  kept  the 
Silures  (Welsh)  at  bay  on  the  western  side  of  the  Severn. 
The  Sazona  called  the  city  "  Glow-ceaster,"  and  it  became  one 
of  the  chief  cities  of  the  Saxon  kingdom  of  Mercia.  In  896 
King  AJfred  held  a  Witenagemote,  b/oA  Athelstan  died  here  in 
940.  In  964  King  Ek^ar  resided  here.  Canute  the  Dane 
and  Edmund  the  Englishman  met  here  to  divide  the  realm. 
William  the  Conqueror  held  his  Council  here,  at  which  the 
Doomsday  Book  was  plamied.  He  also  spent  Christmas  here,  as 
did  William  Bufos,  and  Heniy  I.  acquired  hie  fetal  fondness  for 
lampreys,  to  commemorate  which  the  Mayors  of  Gloucester 
have  since  been  honoured  by  the  acceptance  by  the  reigning 
monarch  of  a  lamprey  pie  annually. 

Hemy  II.  granted  the  city  its  first  charter. 

Henry  III.  was  crowned  at  Gloucester  Cathedral. 

Edward  I.,  Kichard  II.,  Henry  IV.  and  V.  held  Parliaments 
here ;  Bichard  II.  granted  a  charter ;  Hemy  YII.  passed  through 
en  route  for  Boaworth  field ;  Henry  VIII.  and  James  I.  visited 
the  city. 

Bishop  Hooper  of  Gloucester  was  burnt  at  the  stake  by  otiet 
of  Queen  Mary.  Archbishop  Laud  was  Dean  of  Gloucester ;  and 
on  Ai^ust  10,  1643,  King  Charles  I.,  with  hia  two  sons  and 
Prince  Bupert,  besieged  the  city  with  8000  men  for  a  month, 
until  it  was  relieved  by  Lord  Essex. 

At  the  restoratioD  of  Charles  II.  he  ordered  the  destruction 
of  the  fortifications,  which  had  been  re-bviilt  on  the  old  Soman 
foundations  by  the  Normans  after  the  duoage  done  daring  the 
wais  of  the  Saxon  period,  and  he  granted  a  new  charter  for  a 
consideration ;  thus  he  "  drew  the  teeth  "  of  his  fathw's  eoemies. 
In  the  seventeenth  century  Gloucester  became  a  port,  and 
gained  wealth  and  prosp^ty  by  pin  making,  beU  founding,  and 
glass  making. 

The  chief  ornament  of  the  city  is  its  fine  cathedral,  containing 
beautiful  stained  glass  windows,  and  magnificent  examples  of 
architecture  varying  in  style  from  early  Norman  down  to  per- 
pendicular. The  Saxon  king  Osric,  Bobert  Curt^ose  Duke  of 
Normandy  (eldest  son  of  William  the  Conqneror)  and  King 
Edward  II.  lie  buried  within  its  walla.  The  crypt,  the  chaptei^ 
house  (in  which  the  Conqueror  held  bis  Fsrliaioent),  the  nave, 
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chancel,  lady  ohapel,  and  cloisters,  are  all  splendid  specuoeoa 
of  their  respective  styles  of  architecture. 

The  city  of  Gloacester  is  situated  on  the  east  bank  of  the 
eastern  channel  of  the  river  Severn,  110  miles  &om  London  on 
the  Great  Western  Sailway;  56  miles  south  of  Birmingham, 
and  36  miles  north  of  Bristol  by  the  Midland  Bailway,  both 
companies  having  stations  at  Gloucester. 

The  river  Severn  runs  &om  north  to  south,  and  divides  into 
two  channels,  east  and  vest,  at  the  "  Upper  Parting,"  2  miles  650 
yards  above  Gloucester,  and  re-unites  at  the  "  Lower  Parting," 
1  mile  273  yards  below,  forming  Alney  Island  between  the  two 
channels. 

Gloucester  is  the  most  inland  port  in  England,  with  docks 
capable  of  accommodating  vessels  up  to  1200  tons  roister. 
These  docks  are  connected  to  those  at  Sharpness  lower  down  on 
the  estuary  of  the  Severn  by  a  ship  canal,  opened  in  1827, 
16  miles  in  length  without  a  lock,  the  distance  by  the  river 
being  30  miles.  The  docks  at  Sharpness  can  accommodate 
vessels  up  to  6000  tons  legiatex,  and  a  laige  trade  is  done  both 
here  and  at  Gloucester  in  com  and  timber,  salt,  and  general 
cargoes,  theie  being  r^ular  traffic  to  and  &om  Hamburg, 
Antwerp,  the  Baltic,  Mediterranean,  Black  Sea,  and  South 
American  and  North  American  ports. 

The  valley  of  the  Severn  at  Gloucester  is  about  12  miles 
wide,  bounded  by  the  Cotswold  Hills  on  the  east  and  the 
Monmouthshire  and  Herefordshire  HiUs  on  the  west. 

The  valley  near  the  river  is  on  the  lower  lias  clay,  which  at 
Gloucester  is  covered  with  large  deposits  of  oolite  and  northern 
drift  grav^  The  lower  lias  clay  thins  out  to  the  north  and  west 
of  the  city,  and  the  new  red  marls  come  to  the  surface  at  from 
3  to  6  miles  in  those  directions. 

Across  the  valley  to  the  east  in  the  direction  of  the  Cotswold 
Hills,  the  lower  lias  is  overlapped  in  succession  by  the  marl 
stone,  the  upper  lias  clay,  and  the  oolite  formation,  which  forms 
the  capping  of  the  Cotswold  Hills,  The  new  red  sandstone 
comes  again  to  the  surface  to  the  south  of  Gloucester,  near 
Maogotfield,  on  the  Midland  Railway. 

On  the  western  side  of  the  valley  are  the  coal  measures  of 
the  Forest  of  Bean,  and  the  old  red  sandstone  of  Herefordshire. 

The  city  of  Gloucester  has  three  natural  water-courses 
lowing  through  it^  rising  from  the  slopes  of  the  Cotswold  Hills, 
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viz.,  the  Tvryvet,  flowing  from  the  north-eaat  towards  the 
Severn  on  the  west,  near  the  northeni  boondaiy  of  the  a.ty ; 
the  Sudbrook,  flowing  &om  east  to  west,  jnat  below  the  centre 
of  the  city ;  and  the  Tweenbrook,  flowing  from  soath-eaat  to 
west,  near  the  southern  boundary  of  the  city. 

The  Crosa,  which  ia  the  business  centre  of  the  city,  is  on  a 
slight  elevation  66  feet  above  O.I>.,  between  the  Twyver  on  tlie 
north,  the  Sudbrook  on  the  sonth,  and  the  Severn  on  the  west. 

Wateb  Supply. 

There  can  be  no  doubt  that  the  ancient  city  owes  its  existence 
to  the  excellent  &cilitiea  which  the  river  Severn  ajid  the  water- 
courses flowing  into  it  aflbrded  for  wat«r  supply  and  navigation, 
while  shallow  wells  sunk  in  the  gravel  deposits  over  the  lower  lias 
clay  provided  an  abundant  supply  of  water.  As  time  went  on, 
and  these  sources  became  more  or  less  polluted,  water  was  fltst 
brought  from  the  outside,  from  Bobinawood  Hill,  an  outlier  of  the 
Cotswolda  about  two  miles  south-east  of  the  city,  in  lead  pipes, 
and  in  the  seventeenth  century  pumps  were  erected  on  the  banks 
of  the  Severn  near  Weatgate  Bridge,  worked  by  a  water  wheel, 
forcing  the  river  wat^  through  wooden  pipes  formed  of  yoong 
elm  trees  bored  out  and  cut  at  the  ends  to  spigot  and  socket 
joints,  the  sockets  being  strengthened  with  iron  bands.  The 
water  was  pumped  to  the  top  of  the  tower  of  a  church  in  West- 
gate  Street  (demolished  in  the  eighteenth  century),  and  the 
Bobinswood  Hill  water  was  supplied  to  a  point  (Scrivens'  Conduit) 
in  Southgate  Street,  near  the  present  Com  Exchange,  where  there 
was  an  ancient  market  house  in  the  centre  of  the  street 

In  1855  the  Bobinswood  Hill  supply  was  in  the  hands  of  a 
company,  who  had  constructed  reservoirs  there  and  laid  on  the 
water  to  some  of  the  principal  houses  by  means  of  cast  iron 
muns  and  lead  service  pipes,  and  the  demand  becoming  greater 
than  they  could  supply,  the  Corporation,  on  the  advice  of  the 
late  Mr.  J.  F.  Bateman,  Fast-Fres.  Inst.C.E.  in  that  year,  obtained 
an  Act  of  Parliament,  purchased  the  company's  ri^ts  for  18,0001. 
and  also  constructed  new  additional  waterworks  at  Witcombe,  5 
miles  east  of  the  city,  on  an  escarpment  of  the  Cotswold  Hills, 
and  in  1863  the  city  was  supplied  fiom  this  source  by  a  12-inch 
cast  iron  main  from  two  imponndii^  reservoirs,  having  a  total 
capacity  of  80  million  gallons.    The  second  or  lower  leaervoii  was 
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in  1870  enlarged,  and  a  third  reservoir  constructed,  bringing  &e 
total  capacity  of  the  three  reservoirs  up  to  120  million  gallons, 
which  Mr.  J.  F.  Batemau  then  advised  was  the  limit  of  the 
capacity  of  the  watershed  of  1500  acres  in  a  succesaion  of 
dry  years. 

The  runfall  of  the  district  varies  fix>m  20  *  37  inches  in  1892 
to  42  *  37  in  1872,  and  averages  about  30  inches  per  annnm. 

The  Author  was  appointed  Surveyor  and  Water  Engineer  in 
March  1878,  and  in  1881,  owing  to  dry  seasons,  it  became 
necessary  to  give  an  intermittent  supply  owing  to  the  great 
increase  in  the  population  taking  the  water. 

The  old  Boman  city  walls  enclosed  about  80  acres,  or  a 
square  of  about  one  third  of  a  mile  on  each  sida  The  city  was 
enlarged  in  the  eighteenth  century,  and  in  1874  was  466  acres, 
and  was  then  enlai^ged  to  14S7  acres  with  a  population  of 
about  32,000. 

In  1900  the  city  was  enlarged  to  2315  acres,  and  at  the 
census  in  1901  the  population  was  47,955  in  10,098  houses. 

The  population  is  now  50,600  in  11,498  houses,  and  the 
rateable  value  on  March  31,  1905,  was  216,928^. 

lu  1882,  Mr.  J.  F.  Bateman  was  again  consulted  in  reference 
to  an  additional  supply  of  water,  and  recommended  tunnelling 
for  half  a  mile  into  the  face  of  the  escarpment  of  the  Cotswold 
Hills  at  Witcombe,  to  bring  back  water  which  followed  the  dip 
of  strata  in  a  south-easterly  direction  towards  the  Thames 
Valley.  This  ingenious  scheme  had  to  be  abandoned  after  trial 
borings  had  been  made,  owii^  to  legal  and  other  difSculties. 

In  1883,  on  the  Author's  recommendation,  the  Corporation 
installed  the  Deacon  meter  system  for  the  detection  of  waste  of 
water  at  a  cost  of  2000/.  including  20  meters,  dividing  the  city 
into  that  number  of  districts,  about  100  additional  valves  in  the 
distributing  mains,  and  1200  outside  atop  taps  to  service  pipes. 
The  result  of  the  working  of  the  system  was  that  by  June  1884, 
the  consumption  of  water  was  reduced  from  32  ^dlons  to  16 
gallons  per  head  per  day,  and  it  was  maintained  between  that 
and  20  gallons  per  head  per  day  until  1896,  and  since  that  date 
at  about  22  gallons  per  head  per  day,  on  a  total  population  of 
65,000,  indudii^  the  outside  population  supplied. 

In  1891,  after  Mr.  Bateman's  death,  Mr.  William  Foz, 
M.Inst.C.E.,  was  consulted,  and  he,  with  the  Author,  and  the 
late  Mr.  J.  J.  Seekings,  who  was  then  Mayor,  investigated  about 
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ten  possible  schemes  for  additional  water  supply,  indtidii^  two 
&om  the  river  Severn,  and  the  one  finally  adopted,  viz.,  the 
sinking  of  a  well  in  tM  new  red  sandstone  near  Kewent,  11 
miles  west  ctf  the  city. 

Accordingly,  in  Janoary  1893,  a  boring  with  the  diunond 
drill  10  inches  diameter  was  started  at  Oxenhall,  near  Newent, 
and  an  abundant  supply  was  found  which  overflowed  the  surface. 
The  boring  was  continued  bj  tiie  Corporation  to  290  feet,  but 
the  landowners,  tJiinking  to  find  coal,  arranged  with  the 
contractors  to  continue  the  boring  to  a  depth  of  1200  feet,  but 
at  this  depth  the  bottom  of  the  Bunter  beds  of  the  new  red 
sandstone  had  not  been  reached,  and  the  boring  was  then  dis- 
continued. The  Corporation  deposited  plans  and  applied  for  an 
Act  of  Parliament  in  November  1893,  the  only  opposition  to 
the  scheme  being  for  clauses  in  reference  to  wells  in  the 
neighbourhood  and  to  the  crossing  of  the  river  Severn  by  the 
14-inch  main  carrying  the  water  to  Gloucester.  The  well, 
which  cost  4586/.,  was  commenced  in  October  1894  and  sunk 
170  feet  into  the  new  red  sandstone,  15  feet  diameter  for  the  first 
60  feet,  which  was  lined  with  14-inch  brickwork,  and  12-feet 
diameter  for  the  next  90  feet,  which  was  lined  with  cast  iron 
cylinders  11  feet  diameter  inside,in  5  feet  rings  of  8  s^ments  each. 

At  145  feet  depth  out  of  last  ring  but  one,  headings  were 
driven,  one  in  a  northerly  direction  and  the  other  in  a  westerly 
direction. 

These  largely  increased  the  supply  to  the  well,  and  the 
contractors,  Messrs.  Arthur  Timmins  and  Sons,  of  Buncom,  had 
to  pump  1^  million  gallons  per  day  to  enable  the  men  to  work 
in  the  headings.  The  northern  heading  is  117  feet,  and  the 
western  146  feet  in  length. 

While  the  well  was  being  sunk,  the  11  miles  of  14-inch 
main  was  being  laid,  and  the  covered  service  reservoir  constructed 
by  Messrs.  Cruwys  and  Hobrough,  of  Gloucester  and  Birmingham, 
the  contractors  for  thia  part  of  the  work.  The  reservoir  is  at 
Upleadon,  3  miles  from  the  pumping  station,  150  feet  above  the 
top  of  the  well,  and  250  feet  above  O.D.,  and  contains  600,000 
g^ODS ;  and  in  1901  a  second  reservoir  holding  1^  million 
gaUona  was  added  to  the  above  by  the  same  contractors,  from 
the  Author's  designs,  in  concrete.  The  reservoir  is  nearly  200 
feet  above  Gloucester  Cross.  The  water  was  delivered  to 
Gloucester  on  July  1,  1896.    It  is  raised  from  the  well  into 
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tanks  tinder  the  engine  house  floor  hj  lift  pnmpa  14}  inches 
diameter,  4  feet  6  inch  stroke,  and  double-acting  force  pumps 
diav  from  the  tanks  and  force  the  water  up  fo  the  reservoir  at 
Upleadon ;  thence  it  gravitatea  S  miles  to  Gloucester. 

The  14-inch  main  is  carried  over  the  western  branch  of  the 
Bivei  Severn  on  a  lattice  girder  steel  bri<^  212  feet  span 
carried  on  screw  pile  abutments,  the  latter  being  used  to  over- 
come the  opposition  of  the  county  authorities,  who  feared 
damage  to  the  foundations  of  Telford's  beautiful  elliptical  stone 
arched  bridge  which  is  close  by. 

The  engines  are  in  duplicate,  of  the  compound  vertical 
condensing  type,  one  on  the  north  side  and  one  on  the  south  of 
the  well,  each  working  a  lift  pump,  which  is  suspended  130  feet 
down  the  well  at  the  bottom  of  a  16-inch  diameter  rising  main 
hung  upon  girders  from  Uie  top  of  the  well.  The  pump  rods 
passing  down  the  inside  of  the  rising  main  are  worked  by  a 
bell  crank  lever  at  the  top,  driven  by  a  connecting  rod  &om  the 
crank  pin  of  the  high  pressure  cylinder,  which  is  16  inches 
diameter,  and  the  force  pumps  are  10  inches  diameter,  4  feet 
6  inch  stroke,  horizontal  double  acting,  and  worked  &om  the  crank 
pin  of  the  low  pressure  cylinder,  which  is  28  inches  diameter. 

The  engines,  pumps,  and  boilers,  which  are  capable  of  raising 
30,000  gallons  per  hour,  were  constructed  and  erected  by 
Messrs.  Summers  and  Scott,  engineers,  of  Gloucester,  who  are 
now  putting  in  larger  pumps  in  consequence  of  the  severe 
drought  of  1904,  necessitating  boUi  engines  working  night  and 
day  for  3  months; — the  larger  pumps  will  give  a  stand* 
by  under  all  conditions  of  the  rainfall  which  affect  the  Wit- 
combe  impounding  reservoirs.  The  engines  are  arranged  clear 
of  the  well,  so  that  either  lift  pump  can  be  lifted  out  with  its 
rising  main  by  simply  disconnecting  the  pump  rods  from  the 
bell  crank  lever,  lliere  is  an  overhead  travelling  crane  for 
lifting  any  part  of  the  machinery.  The  fly-wheels  are  16  feet 
diameter  and  weigh  12  tons  each.  Both  engines  pump  into  a 
common  air  vessel  13  feet  high  and  4  feet  diiuneter.  The 
cylinders  are  steam-jacketed  with  an  intermediate  heating 
cylinder,  and  supported  on  A  &amea  which  also  carry  the 
platform  and  valve  gear.  Steam  is  supplied  at  100  lb.  pressure 
Irom  three  Lancashire  boilers  22  feet  long  by  6  feet  diameter,  fired 
with  slack  coal  by  Bennis  and  Co.'s  mechanical  stokers ;  the  feed- 
water  is  passed  through  a  Green's  economiser,  placed  on  a  by- 
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pans  in  the  flue  leading  to  the  chimtiey,  which  ia  86  feet  high. 
The  engines,  pumps  and  boilers  cost  54152.  The  ptuapingstatitm, 
built  in  red  brick  and  forest  stone  dresBings,  consisting  of 
engine  house  60  feet  by  30  feet,  boiler  honse,  workshop,  etc., 
cost  3,766;.    The  total  cost  of  the  scheme  was  45,0002. 

In  1901  considerable  tronble  was  experienced  at  the  Wlt- 
combe  teservoiis  with  die  growth  of  water  plants  of  the  Cava 
and  NUdXa  group. 

These  weeds  grow  at  tJie  bottom  of  the  reserroira  wherever 
light  penetrates,  and  at  a  very  rapid  rate,  especially  during  the 
summer  months,  when  the  temperature  in  the  air  is  over  60°  F., 
and  at  certain  stages  of  their  growth  they  impart  a  fishy  taste 
to  the  water,  and  although  this  is  in  no  way  injuriona  to  health, 
it  is  very  unpleasant  to  the  taste  and  smell,  especially  when  the 
water  ia  heated.  In  order  to  overcome  this  difficulty,  the  Author 
installed,  in  October  1901,  a  battery  of  10  BeU  Bros,  mechanical 
filt«rB  at  a  cost  of  50002.  or  about  one-quarter  of  the  total  which 
would  have  been  necessary  to  establish  ordinary  sand  filters  at 
the  reservoirs,  which  would  have  necessitated  a  loss  of  50  feet  of 
head  in  the  main  going  to  the  city.  The  Bell  filters  being  con- 
tinuous in  action  only  create  a  loss  of  2  lb.  pressure  between 
the  inlet  and  the  outlet  of  the  filter.  They  consist  of  10  steel 
drums,  each  containii^  about  7  tons  of  Leighton  Buzzard  sand, 
through  which  the  water  is  passed.  The  filters  are  washed  out 
3  times  perweek  by  reversing  the  flow  of  the  water  to  each  cylinder 
in  succession;  they  can  be  used  with  or  without  cheunicals, 
but  &om  one-tenth  to  1  grain  of  sulphate  of  alumina  per 
gallon,  greatly  facilitates  the  filtration,  the  result  being  tliat 
^e  water  is  sent  to  the  city  clear,  bright,  and  in  perfect  con- 
dition. The  filters  act  both  bacteriologically  and  chemically. 
Mechanical  filters  have  been  in  use  in  America  for  filtering  the 
water  from  lakes  and  rivers  from  which  many  American  towns 
are  supplied.  The  Bell  filter  is  a  very  great  improvonent  on 
the  American  filters,  inasmuch  as,  in  addition  to  reversing  the 
direction  of  the  water  through  the  filters  for  cleansing  purposes, 
while  thia  is  going  on  a  system  of  sturing  arms  are  maide  to 
revolve  by  means  of  an  oil  engine,  shaftii^  and  bevel  gearing 
attached  to  the  outside  of  the  filters.  Thia  disturhe  and  stirs  up 
the  sand  in  the  filters,  so  that  it  ia  thoroughly  washed  by  the 
reverse  current  of  water,  and  it  is  this  method  of  stirring  up 
the  sand  which  is  the  great  point  in  the  success  of  cleaning  out 
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the  filteis,  as,  withont  the  stirring,  the  current  of  water  is  apt  to 
take  a  direct  course  between  tihe  inlet  and  the  outlet  of  the 
drums,  without  greatly  disturbing  the  whole  of  the  sand.  These 
filters  have  now  been  at  work  for  3^  years,  and  have  made  the 
Witcombe  water  potable  during  the  hot  months  of  the  year, 
when,  in  old  times,  it  had  frequently  to  he  shut  off  &oin  the 
city. 

Sewers. 

There  is  a  good  natural  fall  from  north-east,  east,  and  south- 
east,  towards  the  west,  while  the  fall  from  north  to  south  is  very 
amall  along  the  line  of  the  river.  The  highest  points  near  the 
dty  boundary  range  from  80  to  90  feet  above  0.1).  The 
northem  boandary  on  the  Tewkesbury  or  Eingsholm  road  is 
38  feet,  and  south-west  boundaiy  on  the  Bristol  road  is  36  feet 
above  O.D.,  while  the  city  quay,  where  the  main  ontfaU  eowers 
discharge,  is  32  feet  above  O.D.  The  lowest  summer  level  of  the 
river  Severn  is  20*53  feet  above  O.D.  at  the  city  quay. 

Previous  to  the  Public  Health  Act  of  1848,  the  drainage  of 
the  city  was  into  cesspools  or  into  the  brooks  above  mentioned 
by  means  of  brick  culverts  laid  along  ditches  emptying  them- 
selves into  the  tnooks,  and  the  brooks  themselves  in  process  of 
time  had  been  converted  into  sewers  by  covering  them  over 
with  brick  arches. 

In  1852,  under  the  powers  of  the  1848  Act,  the  dty  was 
entirely  re-sewered  in  a  very  thorough  and  efficient  manner  by 
Messrs.  Bammell  and  Lister,  civil  engineer,  the  contractor 
being  Mr.  Guest,  and  provision  was  made  in  the  sewers  then 
laid  down,  for  their  future  extension  to  near  the  present  area  of 
the  city.  Thay  consist  of  two  main  outfall  sewers,  one  draining 
the  northern  portion  and  the  other  the  southern  portion  of  the 
dty,  both  converging  at  the  city  quay,  and  in  1862  they  dis- 
charged by  a  single  outfall  into  the  river  at  17  feet  above  O.D. 
£ach  sewer  was  e^-shaped,  4  feet  6  inches  by  3  feet  diameter, 
and  the  outfall  was  a  30  inch  iron  pipe  nntU  1886,  when  the 
Author  constructed  the  new  quay  wall,  200  yards  in  length,  and 
took  the  opportunity  that  work  afforded  to  give  each  sewer  a 
separate  ont&ll,  thus  giving  great  relief  to  the  sewers  in  heavy 
weather. 

The  disbict  added  to  the  dty  in  1875  had  previously  been  in 
chaige  of  three  local  boards  who  were  chieSy  responsible  for  the 
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poUation  of  the  Twyver,  the  Sudbrook,  and  die  Tweenbroo1c,8iid  in 
1875  on  the  advice  of  Mr,  James  Mansergb,  Past-Pres,  Inst  GE., 
the  system  of  1862  was  extended  into  the  added  siea ;  but  during 
the  construction  of  these  extended  sewers,  which  were  of  coarse 
laid  in  the  streets,  the  old  system  of  shallow  brick  colTerts  which 
were  nearly  all  at  the  backs  of  the  houses  had  to  be  maintained 
nntO  the  private  drains  could  be  relaid  and  reversed  in  direcrion. 
The  old  culverts  were,  therefore,  temporarily  connected  to  the 
new  sewers  wherever  they  were  crossed,  and  ttie  Author  inherited 
this  carious  state  of  things  on  his  appointment  in  March  1878, 
the  result  being  that  in  the  following  summer,  owii^;  to  the 
Doisanoe  from  the  new  sewer  manholes  dischai^ing  fool  gas  &om 
the  old  culverts,  he  investigated  the  whole  matter,  and  recom- 
mended in  1881  that  the  SOOO  hoose  drains  then  connected  to 
the  old  culverts  should  be  transfenied  direct  to  the  new  sewers. 
The  Corporation  tried  to  make  the  private  owners  do  this,  and 
by  1884  had  succeeded  in  getting  2000  houses  re-drained  and  the 
city  water  laid  on ;  on  a  second  report  by  the  Anthor  in  that 
year  the  Corporation  decided  to  do  the  remainder  themselves 
under  Sec.  23  of  the  Public  Health  Act,  1875 ;  the  Antiior 
completed  this  work  in  1885 ;  an  immediate  drop  of  3  per 
1000  occurred  in  the  death-rate,  and  the  complaints  of  smells 
&om  the  manholes  entirely  ceased.  Up  to  this  date  the  by-laws 
were  those  of  the  1848  Act,  which  were  obsolete,  and  the  Town 
Clerk  and  the  Author  with  a  sub-committee  bad  been  trying  for 
eighteen  months,  to  revise  the  "  Model "  By-laws  isBoed  by  the 
Local  Qovemment  Board  in  1877,  which  are  iamilior  to  the 
Members  of  this  Association  ;  but  on  the  plea  of  unifonoity  nearly 
all  onr  proposed  revisions  were  struck  out,  and  we  had  to  adopt  the 
"  Model "  By-laws  as  they  stood,  including  the  so-called  inter- 
cepting trap,  which  the  Author  has  consistently  opposed  since  it 
was  first  adopted  by  the  Local  Government  Board,  and  as  long 
as  this  absurd  and  unscientific  obsb-uction  is  obliged  to  be 
introduced  into  every  house  drain,  so  long  will  the  question  of 
the  ventilation  of  sewers  be  an  nnsolved  probleio. 

The  two  main  trunk  sewers  and  branches  discharging  at  the 
quay,  consist  of  5579  yards  of  brick  sewers,  ranging  from 
4  feet  6  inches  by  3  feet  to  2  feet  6  inches  by  1  foot  9  inches, 
and  51,637  yards  of  pipe  sewers  ranging  from  18  indies  to 
9  inches,  a  total  of  57,216  yards. 

In  1884,  by  arrangement  with  the  Gloucester  Bural  District 
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Council,  a  joint  sewer  waa  kid  down  along  the  aoutheriL  boundary 
of  the  city  discharging  into  the  liver  at  Llanthony,  below  the 
city,  consisting  of  1354  yards  of  brick  sewers,  rai^;ing  from 
3  feet  by  2  feet  3  inches  to  2  feet  6  inches  diameter,  and  6756 
yards  of  pipe  sewers  ranging  from  18  inches  to  9  inches,  a  total 
of  8110  yards. 

On  the  extension  in  1900,  the  system  was  further  added  to 
by  6879  yards  of  pipe  sewers,  ranging  from  18  inches  to  9  inches 
diameter,  at  a  cost  of  6000^.,  bnnging  the  total  length  of  sewers 
in  the  city  up  to  41  miles  45  yards.  The  two  large  out&ll 
sewers,  4  feet  6  inches  by  3  feet  diameter,  have  gradients  of 
1  in  240  and  1  in  480  respectively  for  the  first  1000  yards  from 
the  outfall,  and  the  pipe  sewers  have  generally  very  good 
gradients,  there  being  an  average  fall  on  the  surface  uf  the 
ground  in  the  directions  mentioned  above  of  about  30  feet 
to  die  mile.  The  sewers  are  all  on  the  combined  system, 
and  for  some  years  they  suffered  from  periodical  flooding  arising 
from  the  three  natural  water-courses  which  in  heavy  weather 
brought  a  lot  of  water  Irom  the  outside  area  into  the  city,  the 
Twyver  having  a  gathering  ground  of  1593  acres,  and  the 
Sadbrook  1963  acres  outside  the  city,  and  in  times  of  heavy 
rainfall  the  covered  portions  of  these  brooks  through  the  city 
were  surcharged  and  the  flood  water  overflowed  into  the  sewers, 
causing  great  damage  and  inconvenience.  These  floods  generally 
occurred  at  intervals  of  from  Ave  to  six  years,  and  on  each 
occasion  the  surveyor  had  to  report  upon  the  matter  and  obstruc- 
tions were  removed,  but  the  chief  trouble  was  in  connection  with 
the  Sudbrook  out&ll  culvert,  which  passes  through  the  Midland 
Bailway  goods  yard  in  the  Bristol  Eoad  and  has  its  outfall  into 
the  canal. 

In  1879  the  surveyor  reported  that  the  only  remedy  for  this 
was  the  enlargement  of  tUs  culvert,  which  was  500  yards  in 
length  and  only  about  21  square  feet  sectional  area,  and  it  waa 
only  after  many  negotiations  between  the  corporation,  the 
Midland  Sailway  Company,  and  the  Gloucester  Wagon  Com- 
pany that  the  matter  was  finally  tackled,  and  a  new  culvert 
constructed  by  the  corporation  with  a  sectional  area  of  45  square 
feet  at  a  cost  of  5000/.,  to  which  the  Midland  Railway  Company 
contribated  2000/.,  the  Wagon  Company  1000/.,  and  the  Corpo- 
ration the  remainder. 

The  Corporation  also  laid  an  16-inch  storm-water  drain  down 
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the  valley  of  the  Tweenbrook,  which  also  rnns  into  tbe  eanal, 
and  this,  combined  with  the  removal  of  certain  obatructians  in 
the  Twyvep  ciilverts,  has  entirely  cnred  the  trouble  fixan  the 
overflow  irom  theae  three  brooks.  The  constraction  of  these 
storm  water  outlets  greatly  relieved  the  sewerage  system,  and 
the.  Author  hopes  to  hear  no  more  of  the  flooding  of  basements 
from  this  cause. 

The  floods  of  the  river  Severn  which  occasionally  occnr  are 
beyond  the  control  of  the  corporation,  as  the  river  drains  an 
ares  of  3700  square  miles  above  Gloucester,  bat  they  have 
little  or  no  efiect  upon  the  city,  as  the  flooding  only  takes  place 
in  HxQ  immediate  neighbourhood  of  the  quay  as  far  as  the  city 
itself  is  concerned,  but  the  two  channels  of  the  river  become 
one  during  a  flood,  and  Aln^  Island  is  submerged.  The 
highest  flood  of  modem  times  in  the  river  Severn  eccnrred  in 
May  1886,  and  rose  to  a  height  of  33  feet  above  O.D.  at  the 
quay,  that  is  to  say,  it  was  1  foot  above  the  quay  waU.  Since 
ihen  the  constmction  of  the  Liverpool  waterworks  at  the  head 
waters  of  the  river  Severn  at  lake  Vymwy  has  had  considerable 
effect  in  reducing  the  flooding  of  the  river. 

Therd  is  a  weir  in  the  western  channel  of  the  river  jost 
below'  the  npper  parting  at  Maisemore,  and  another  in  the 
eastern  channel  at  Llanthony,  900  yards  below  the  Gloucester 
quay,  and  these  hold  up  the  water  in  the  eastern  channd  to  Us 
lowdst  summer  level  20*53  feet,  the  invert  of  our  sewer  outfall 
beis^  17  feet  above  O.D.,  or  3  feet  6  inches  below  lowest  summer 
level.  Ko  nuisance,  however,  has  ever  been  known  to  arise 
from  this  fact,  but  the  Local  Government  Board  are  pressing  as 
to  iSscharge  the  sewage  into  the  western  channel  below  the  weir, 
so  as  to  get  a  free  ont£dl ;  the  low  water  level  of  the  western 
channel  is  only  one  foot  lower  than  l^e  invert  of  l^e  sewer,  and 
the  distance  between  the  two  channels  is  770  yards,  therefore 
this  can  only  be  effected  by  pumpii^  from  3  to  6  million  gallons 
of  sewage  per  day,  and  in  time  of  flood  the  pumps  woold  be 
drowned.  When  the  extension  of  the  city  in  1900  was  granted, 
the  Local  Government  Board  made  the  Corporation  promise  to 
consider  this  question,  but  they  are  under  no  legal  liability  to 
carry  oiit  the  suggestions,  as  Gloucester  is  on  the  tidal  portion 
of  the  river,  the  tides  going  up  to  Tewkesbury,  12j^  miles  above 
Gloucester,  and  at  low  water  Uie  amount  passing  over  the  weir 
is  300'  tiines  more  tiian  the  dry  weather  flow  of  the  sewets. 
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From  the  report  of  the  medical  officer  of  health  for  1904 
the  death-rate  of  the  city  was  14*8  per  thoosand,  aod  the 
zymotic  death-rate  1  ■  7  per  thousand. 

Markets  and  Depot. 

Gloucester  is  the  centie  of  a  large  agricultural  district,  and 
markets  have  been  held  here  irom  time  immemorial  The 
cattle  market  was  established  in  its  present  position  in  1821, 
and  enlarged  under  the  Act  of  1874,  and  until  1896  the 
Corporatdon  depot  occupied  a  comer  of  the  cattle  market,  but  in 
that  year  a  new  depot  was  built  in  the  Stroud  Bead  and  the  old 
depot  absorbed  in  the  cattle  market.  Very  la^^e  sales  of  cattle, 
sheep,  piga  and  horses  are  held  here  on  Saturdays  and  Mondays 
throughout  the  year ;  and  recently  a  fruit  market  has  also  been 
established,  buyers  coming  from  all  parts  of  the  kingdom  to 
attend  the  markets. 

The  East^te  market  was  opened  in  1866,  and  provided  with 
a  new  roof  in  1902 ;  the  com  exchange  was  opened  in  1857. 

The  Corporation  depot,  constructed  in  1896,  on  1^  acre  of 
land  belonging  to  the  Corporation,  contains  stabling  for  30 
horses,  cart  sheds,  steam-roller  sheds,  mess-rooms  for  the  men, 
blacksmith's,  carpenter's,  painter's,  plumber's  and  mason's  shops, 
house  for  general  foreman  and  horse-keeper,  general  stores, 
offices,  etc.    The  cost  of  the  whole  was  7000i 

Public  Buildings  and  Baths. 
The  other  public  buildings  in  the  city  are : 

Mnnloipal  Bohoola  of  Science  and  Art,  opened  in  1873 
Public  Baths,  Barton  Street,  „        1891 

Gnlldball,  Eoitgate  Street,  „        18^2 

Pnblio  Library,  BnmBwlak  Roiul,  .,       1900 

Bleotrioitj  Worki,  „       1900 

HospltBia,  OTer,  „        1903 

The  question  of  public  baths  was  first  discussed  In  1875,  but 
remained  in  abeyance  nntil  1880,  when  the  Author  got  out  the 
plans  for  erecting  swimming  and  private  baths  on  the  site  of  the 
pomp  rooms  at  the  Spa.  This  project,  however,  fell  through 
tmtil  the  late  Mr.  Seekings,  when  mayor  in  1890,  with  the  late 
Mr.  J.  Flatt  took  np  the  qaestion.  A  site  was  then  purchased 
at  CSioiltOtt  House,  Barton  Street,  for  the  sum  of  14602.    An 
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architectural  competitioa  was  invited  which  leaulted  in  60  seta 
of  plans  being  sent  in,  which  were  duly  adjudicated  upoo  by 
Professor  Soger  Smith  of  LondoB,  the  first  prize  being  awarded 
to  Mr.  J.  Fletcher  Trew,  of  Gloucester;  hut  as  the  Batlis 
Committee  wanted  Turkish  bath!;,  two  swimming  baths,  a 
number  of  private  baths,  and  a  steam  laundry  for  the  impossible 
sum  of  6000/.  the  plans  had  to  be  re-drawn  by  Mr.  J.  Fletdier 
!&ew  in  conjunction  with  the  Author,  and  the  contract  waa 
eventoaUy  let  to  the  late  Mr.  D.  0.  Jones,  builder,  of  Grloucester. 
The  total  cost  of  the  buildings  and  furnishing,  exclusive  o£  land, 
was  12,320^.  The  first  and  second-class  swimmii^  baths  are 
identical  in  size,  being  82  feet  6  inches  long  and  28  feet  6  inches 
wide  (water  area).  The  building  coverii^  each  bath  is  100  feet 
by  46  feet  internal  dimensions.  The  water  is  heated  by  a 
Cornish  boiler  25  feet  long  and  6  feet  in  diameter,  which  dis- 
charges steam  into  the  bottom  of  the  deepest  part  of  the 
swimming  baths.  The  steam  irom  the  boiler  is  also  let  into 
tanks  on  the  roof  for  heating  water  in  the  Turkish  and  six  first- 
class  and  eight  second-class  private  baths.  The  laundry  is 
placed  over  the  boiler,  so  that  abundance  of  steam  and  hot  water 
can  be  got  for  washing  towels,  bathing  dresses,  etc.,  for  the  use 
of  the  bathers.  The  laundry  is  not  open  to  the  public.  The 
Turkish  bath  is  a  very  good  one,  consisting  of  a  dressing  room 
with  12  dressing  boxes,  three  hot  rooms  graduated  from  140", 
180°  to  220°  F.  The  shampooing  room  is  kept  at  a  temperaturo 
of  105°  F.,  and  there  is  also  a  large  cooling  room.  The  Turkish 
and  Rnssian  bath  is  heated  by  a  Constantine  stove ;  the  laundry 
machinery  is  by  Messrs.  Bradford  and  Co.,  Manchester.  In  1904, 
36,133  tickets  were  sold,  including  4149  at  Id.  ;  2657  free 
tickets  were  issued,  and  the  takings  amounted  to  897/.  17&  (id. 
The  expenditure,  including  interest  and  repayment  of  loan, 
amounted  to  1956/.  lis.  Id.  The  excess  of  expenditure  over 
income  was  1058/.  149.  7d.  or  about  equal  to  a  lirf.  rate. 


Pakkb  and  Cobpokation  Estate. 
The  parks  and  spa  pleasure  grounds  were  established  in 
1861  under  a  trust  deed  vesting  them  in  the  Corporation,  and 
since  then  a  recreation  ground  of  two  acres  has  been  established 
at  Eingsholm  in  a  very  populous  part  of  the  city ;  also ,  the 
Priory  recreation  gronnd  of  9  acres,  and  one  at  Saintbridge, 
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acquired  under  the  extension  order,  of  6  acres.  The  Corporation 
own  a  lai^e  amount  of  land  and  other  property  which  is  in 
process  of  development  as  a  buildinj;  estate  in  the  neighbour- 
hood of  the  Stroud  Boad,  a  good  deal  of  which  is  at  present  let 
out  as  allotments  at  Sd.  and  IQd.  per  li^  or  perch. 

Hospitals. 
The  new  infections  diseases  hospitt^  at  Oyer,  which  were 
opened  in  1903,  provide  three  ward  pavilions  giving  accommo- 
dation for  40  beds,  and  one  administrative  block.  It  is  situated 
on  about  20  acres  of  land  which  were  purchased  by  the 
corporation  for  this  purpose.  The  buildings,  including  furnish- 
ing and  land,  cost  26,000^.,  and  were  designed  by  Messrs.  Waller 
and  Son  and  Messrs.  Medland  and  Son,  Gloucester,  as  joint 
ardutecte. 

Electeicety  and  Dust  Destbdctoe  WoRKa 
The  Gloucester  electricity  works  were  opened  in  July  1900, 
and  the  refuse  destructor  in  connection  therewith  in  October 
1902.  Mr.  Robert  Hammond,  M.LE.E.,  M.Inst.C.E.,  with  the 
Author  and  Mr.  Harry  Dancey,  architect,  Gloucester,  were 
jointly  responsible  for  the  electricity  works  and  refuse  destructor. 
After  visiting  several  other  towns  with  a  sub-committee,  the 
continuous-current  three-wire  system  was  adopted  as  being  the 
most  suitable  to  this  city. 

The  site  of  the  refuse  destructor  was  choseu,  after  consider- 
able controversy,  because  of  its  central  position  and  the  facilities 
for  extension.  Before  adopting  the  twin-cell  type  of  destructor, 
by  Messrs.  Heeuan  and  Froude,  of  Manchester,  Mr.  Robert 
Hammond  and  the  Author  visited  all  the  leading  types,  and 
although  the  one  by  Messrs.  Heenan  and  Froude  was  in  an  experi- 
mental stage  at  Famworth,  near  Bolton,  Lancashire,  tbey  felt 
that  it  was  capable  of  being  developed  into  a  good  destructor, 
«specially  suitable  to  the  site  at  command.  Many  suggestions 
were  made  to  the  makers,  and  the  result  is  the  destructor  aa 
now  working. 

The  regenerator  for  beating  the  blast  by  passing  it  through 
tubes  exposed  to  the  flue  gases  is  a  very  great  addition  to  the 
«fficiency  of  the  destructor.  The  flue  from  the  destructor  joins 
the  flue  from  the  Lancashire  boilers ;  and  together  they  pass  up 
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the  chimney  shaft,  vhich  is  150  feet  in  height.  In  the  first 
instance  there  were  some  slight  complaints  of  flue  dust  escaping 
from  the  chimney,  bat  with  special  attention  to  the  cleaning  of 
the  flues  there  has  been  no  difBcultj  &om  this  cause  for  a  long 
time  past. 

The  refuse  destructor  was  opened  in  October  1902.  It  was 
tested  in  November  1903.  The  grate  area  of  each  pair  of 
cells  is  66  square  feet,  the  pair  being  separated  by  a  low 
Inidge  running  between  them,  like  the  bridge  at  the  back  of  a 
boOer,  one  cell  of  each  pair  being  chained  alternately.  The 
rate  of  consumption  of  refuse  per  hour  with  one  pair  of  cells 
was  3435  lb.,  or  52  lb,  per  square  foot  of  grate  area.  Water 
evaporated  per  lb.  of  refuse,  IJ  to  2  lb,  from  and  at  212\fF. 
There  is  a  Babcock  and  Wilcox  boiler  on  the  top  of  each  pair 
of  cells,  and  the  average  steam  pressure  during  the  test  was 
164  lb.  The  initial  temperature  of  the  feed  water  was  55°  F. 
The  blast  is  driven  by  electric  fans  and  is  passed  throi^h 
the  regenerator,  the  temperature  of  the  air  before  passing 
through  the  r^euerator  beii^  68°  F. ;  and  after  passing 
through  it  215°  F. ;  the  te.mperatare  of  the  combustion  chamber 
ranging  &om  1524°  F.  to  2057°  F. ;  percentage  of  residuals  to- 
the  refose,  25  to  30 ;  kilowatts  obtained  ranged  from  120  to 
165 ;  tmits  of  electricity  per  ton  of  refuse,  from  80  to  90 ;  tons 
of  refuse  destroyed  per  24  hours  by  one  pair  of  cells,  36^, 

The  refuse  is  collected  three  times  per  week  from  every 
house  in  the  city  on  alternate  days,  and  varies  at  present 
from  150  to  200  tons  per  week.  There  is  therefore  no  occasion- 
to  store  refuse  for  more  than  two  days  in  any  house  in  the  city. 
The  system  has  many  advantt^es  and  some  disadvantages,  the- 
difficulty  being  to  get  some  of  the  householders  to  put  out  the 
refuse  on  each  day  on  which  it  is  collected.  They  are  apt  to  pat 
it  out  on  the  day  nearest  the  end  of  the  week,  which  makes  the 
collection  very  irregular,  as  it  is  of  little  use  to  start  the 
collection  before  8.30  in  the  morning  during  the  winter  months, 
and  that  makes  a  great  rush  to  get  the  collection  finished  by  12 
o'clock  noon.  Another  difficulty  is  that  the  receptacles  con- 
taining refuse  are  of  a  very  miscellaneous  character,  consisting  of 
all  kinds  of  wooden  boxes,  etc.,  bat  where  the  proper  portable- 
sanitary  galvanised  iron  bin  is  used  the  system  works  very  well. 
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TbeiQ  are  about  45  miles  of  roads  and  about  90  miles  of 
footways  in  Qloncester.  The  majority  of  -the  roada  are  macadam 
except  on  the  tramway  route,  of  which  there  aro  7  miles  within 
the  <n^  and  two  mites  outside.  The  tiamway  route  is  paved 
with  Welsh  settn  £rom  Oarnarron,  and  the  centre  portion  of  ihe 
otty  in  the  neighbourhood  of  the  Gross,  both  tramway  and 
carriageway,  is  paved  with  Jarrah  wood  blocks. 

For  the  macadam  toads  Glee  Hill  Dha  stone  has  been  used 
for  the  last  27  years,  but  for  the  first  coating  of  the  new  roads  or 
for  the  making  up  of  private  streets,  Chepstow  stone  is  used. 
ThB  Clee  Hill  stone  is  of  the  basalt  formation  and  the  Chepstow 
is  of  the  carboniferous  or  mountain  limestone  formation.  A 
road  made  with  Clee  HUl  stone,  however,  makes  about  one-third 
the  mud  of  that  made  with  Ghepstow  stone.  ^  ^.^ 

TBAMWA.TS  AND  ElSCTBIC  LiGHT  BaILWATS. 

^e  horse  tramway  was  laid  down  in  the  city  in  1879  on  the 
Kincaid  system,  and  this  was  worked  by  a  company  until  1902 
when  it  was  purchased  by  the  Corporation  for  26,000^.  and  in  its 
place  the  Corporation  have  laid  down  a  system  of  electric  light 
lailwBys,  covering  7  miles  of  route  inside  the  city  and  two  miles 
outside  the  city,  the  latter  being  under  the  order  granted  to  the 
Qloacaatcorshire  County  Council,  bat  laid  down  under  the  same 
contract  by  the  Corpomtion  who  work  the  line.  The  electric 
light  railway  is  equiv^ent  to  12j^  miles  of  single  track  inside 
the  city  and  2i^  outside,  or  a  total  of  15  miles  of  single  track. 
Messrs.  Alfred  Dickinson  and  Co.,  of  Birmingham,  in  conjunction 
with  Mr.  Bobert  Hammond,  of  London,  were  the  consulting 
ei^^eeis  for  the  tramways,  Mr.  Hammond  looking  after  the 
generating  plant,  while  Atesare.  Dickinson  and  Co.  looked  after 
the  toack,  feeders,  and  overhead  e<juipment,  in  conjunction  with 
the  Author.  The  rails  are  90  lb.  to  the  yard,  50  feet  in  length, 
t>  inches  deep,  head  3]  inches  wide,  tread  2^  inches  wide, 
groove  1  inch  wide,  guard  ^  inch  wide,  flange  6  inches  wide, 
3  feet  6  inch  gauge,  double  copper  bonded  with  6/0  S.W.Q.  and 
4/0  aW.Gr.,  paved  with  5  inch  by  4  inch  setts  laid  upon 
6  inches  of  cement  concrete.  The  r^ls  are  fished  with  ordinary 
fish  plates,  60  lb.  per  pair,  six  bolts  to  each  joint,  tie  bars  8  feet 
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apart,  but  the  joints  are  not  anchored  to  the  concrete  in  any 
way.  The  rails  were  supplied  by  the  Barrow  Steel  Co.,  and  the 
points  and  crossings  by  Messrs.  Askham  Bros.,  of  Sheffield,  the 
contract  for  the  poles  was  let  to  Messrs.  J.  G.  White  and  Co., 
and  the  overhead  equipment  to  the  British  Electrical  Equipment 
Co.  The  line  is  worked  by  30  cars  constructed  by  the  Brush 
Electrical  Engineering  Co.  The  cars  hold  18  inside  and  23  out- 
side, total  41  passengers.  The  can'  electrical  equipment  is  by 
Messrs.  Dick,  Kerr  and  Co.  The  work  was  commenced  by  Mr. 
George  Law  on  November  9,  1903  ;  the  first  section  was  opened 
on  May  3, 1904,  and  the  last  section  in  July  1904.  The  OTohead 
equipment  is  fed  at  every  half  mile  from  underground  uables 
laid  in  cast  iron  troughs  filled  up  solid  with  bitumen,  each  feeder 
pillar  being  fitted  with  switches  for  isolating  the  length  and  with 
telephone  communicatii^  with  tiie  car  depot.  The  overhead 
trolley  wire  is  of  copper  "  0 "  B.W.G,  insulated  at  every  pole 
which  are  40  yards  apart.  The  car  shed  was  originally  an  old 
saw  mill,  and  was  purchased  as  one  of  the  assets  of  the  old 
horae-tramway  company.  There  being  plenty  of  land  in  connec- 
tion therewith,  the  Author  nearly  trebled  the  size  of  the  buildings, 
and  provided  six  lines  of  car  sidings  with  pits,  repairing  shop 
for  the  electric  motors,  car  repairing  and  paint  shop,  smiths'  shop, 
stores,  offices,  and  mess  room  for  the  men,  the  cost  of  the  additions 
and  alterations  being  5030^.  14«.  7d.  The  total  cost  of  the 
electric  light  railway  work  inside  the  city  was  128,436/.  13*.  7rf, 
The  rateable  value  of  the  city  was  220,000/.,  and  the  rates, 
owing  largely  to  the  education  rate,  were  up  to  7a.  in  the  £. 
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GLOUCESTER   ELECTBICITY  WORKS. 

Bt  WALTER  J.  BACHE,  M.LE.E.,  Elbctbical  Engineer. 

The  Gloucester  Municipal  Electricity  Works  were  authorised 
by  a  Provisional  Order  granted  in  1896,  in  response  to  an  appli- 
cation by  the  Corporation,  who  lost  no  time  on  the  receipt  of 
the  Order  in  taking  steps  to  erect  their  works.  In  1897  the 
Oouncil  instructed  Mr.  Bobert  Hammond  to  prepare  a  prelimi- 
nary report,  and  in  the  following  August  they  decided  to 
eatahlish  Electricity  Works  iu  combination  with  a  Eefiise 
Destructor,  on  the  lines  advocated  hy  Mr.  Hammond,  and  in- 
structed him  to  draw  up  a  detailed  scheme.  It  is  interesting 
to  note  that  the  present  arrangement  of  the  works  was  de- 
signed eight  years  ago,  and  although  this  is  a  considerable 
praiod  in  the  history  of  electricity  supply,  the  works  may  be 
considered,  even  now,  up-to-date  and  of  modem  design.  It 
would  not  be  difficult  to  find  works  designed  later  than  1897 
of  which  the  same  could  not  be  said  at  the  present  time. 

The  scheme  submitted  provided  for  a  three-wire,  direct  cur- 
rent low  tension  system  of  generation  and  distribution,  with 
Lancashire  boilers,  two  generating  sets,  each  consisting  of  two 
dynamos  in  tandem  direct  coupled  to  a  high-speed  engine,  and 
a  triple  concentric  network  fed  at  various  points  by  triple  con- 
centric feeders. 

The  architect's  work  was  placed  in  die  hands  of  Mr.  Harry 
A.  Dancey,  of  Gloucester,  who  carried  out  the  ideas  of  the 
engineer  in  a  successful  manner,  and  provided  a  very  suitable 
and  pleasing  set  of  plans. 

The  combined  electricity  works  and  refuse  destructor  were 
designed  as  one  scheme,  but  owing  to  delays  in  obtaining 
possession  of  the  site,  and  other  causes,  the  electricity  works 
were  running  two  years  before  the  completion  of  the  refuse 
destructor. 

The   selection  of  a  suitable  site  for  the  works  t 
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careful  consideration  from  many  pointa,  as  the  conditions  rary 
greatly  as  regards  network  in  the  residential  and  manu&ctaiing 
parts  of  the  same  town.  The  general  characteristics  have  to  be 
reviewed,  the  location  and  probable  lamp  density  of  the  more 
important  areas  of  supply  must  be  estimated,  and  the  imme- 
diate vicinity  of  the  suggested  site  must  be  examined  in  order 
to  aroid  placing  the  works  where  a  nuisance  may  be  created. 
Facilities  for  obtaining  coal  and  water  for  condensing  are  essen- 
tial to  economical  working,  and  req^uire  due  consideration.  The 
terms  on  which  the  site  con  be  acquired,  and  the  cost  of  render- 
ing it  suitable  by  excavation,  removal  of  old  buildings,  etc., 
will  also  have  a  bearing  on  the  choice  of  the  site. 

All  these  considerations  were  carefully  gone  into  in  the 
Gloucester  works,  with  the  result  that  the  site  is  particularly 
well  chosen.  The  works  are  situated  in  the  south-west  part  of 
tiie  city,  and  are  most  conveniently  placed,  within  600  yards  of 
the  Cross,  which  is  the  business  centre.  They  are  also  close  to 
the  docks,  which  afford  an  abundant  supply  of  water  for  coo- 
densing  purposes,  while  the  railway  lines  in  the  docks  jnovide 
connection  with  the  Midland  and  Great  Western  railways.  At 
present  there  is  no  siding  into  the  works,  but  should  one  be; 
required  in  the  future  it  could  be  laid  down  without  any 
difficulty. 

The  ground  on  which  the  buildings  stand  consists  of  "  made- 
soil,"  and  during  the  excavations  for  the  foundations  many 
traces  of  the  Koman  occupation  were  brought  to  light.  The 
foundations  are  carried  down  to  the  blue  lias  clay,  which  was- 
found  at  a  depth  of  11  feet  below  the  surface.  Underneath  the 
condenser  pit  the  contractor  encoontered  a  portion  of  the  old 
bed  of  the  Severn,  and  two  underground  water-courses  baverse 
the  site  diagonally  from  north-east  to  south-west,  and  are  sepa- 
rated by  a  distance  of  about  30  to  40  feet.  A  bed  of  quicksand 
in  the  boiler-house  and  a  series  of  extraordinary  pockets  or 
depreaaioQS  in  the  lias  clay  under  the  refuse  destinictor  and 
the  chimney  stack  added  to  the  builder's  difficulties,  and  called 
for  special  methods  of  construction. 

^e  buildings  are  of  brick  with  stone  dressings,  and  consist 
of  two  large  bays  for  the  boiler-house  and  engine-room  respec- 
tively, a  small  bay  containing  the  test  room  and  switch-room 
with  the  battery  room  over,  and  a  well  arranged  suite  of  offices- 
and  stores. 
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The  refuse  destructor  is  placed  at  a  right  angle  to  the  boilar 
house,  and  between  the  latter  and  the  chimaey  stack.  Pro- 
vision has  been  made  for  the  extension  of  the  engine  room  and 
boiler  house. 

The  chimney  stack  is  150  feet  high  from  the  ground  level. 
It  reata  upon  a  solid  bed  of  concrete,  30  feet  square  and  10  feet 
deep.  The  brickwork  footings  are  6  feet  deep.  The  chimney 
is  built  square  f<3r  the  first  37  feet,  and  from  this  height  to  the 
top  it  is  octf^nal  in  shape.  The  internal  diameter  is  6  feet 
throughout,  inside  the  fii^brick  lining,  which  is  carried  to  a 
height  of  60  feet,  with  a  4^-inch  air  space  between  the  lining 
and  the  outer  brickwork.  The  chimney  has  an  omameutal 
moulded  stone  cap.  The  theoretical  capacity  of  the  chimney 
is  approximately  1100  H.F.,  and  it  accommodates  six  boilers 
at  the  pi^sent  time,  which,  if  all  were  steaming  together,  would 
exceed  its  fall  capacity.  Three  new  Lancashire  boilers  are  being 
laid  down  this  year,  and  it  is  probable  that  when  the  next  boiler 
extension  is  made  it  will  be  necessary  to  provide  for  an  increased 
draught.  It  is  interesting  here  to  compare  the  relative  costs  of 
the  various  methods  of  obtaining  draught  for  boilers  on  the 
H.P.  capacity  basis  as  above  stated.  Taking  first  the  cost  of  an 
ordinary  brick  chimney,  of  which  Gloucester  is  a  typical  example, 
the  price  may  be  stated  at  1500/.  An  Alphons  Custodis  chimney 
of  the  same  capacity  would  coat  about  900^.  Coming  dow  to 
mechanical  draught,  and  assuming  that  conditions  similar  to 
those  in  Gloucester  have  to  be  met,  the  capital  ontlay,  including 
the  necessary  short  steel  stack,  is  only  about  350/,  Forced 
draught  has  many  advantages  over  induced  draught,  for  the 
former  has  only  to  push  the  air  through  the  fire,  while  induced 
draught  has  to  do  this  and  also  to  draw  the  products  of  combus- 
tion along  the  flues,  and  thus  obviously  requires  more  power. 
Further  the  induced  draught  fan  has  to  deal  with  gases  at  a  high 
temperature,  and  containing  a  good  many  destructive  con- 
stituents. Therefore  its  life  must  be  considerably  shorter. 
Again,  the  induced  draught  fan  sucks  in  cold  air  through  every 
crack  and  crevice  in  the  boiler  setting  and  elsewhere.  Forced 
draught,  on  the  other  hand,  tends  to  seal  up  such  cracks  with 
flue  dust,  or  make  them  permanently  or  aggressively  visible  by 
forcing  smoke  through  them. 

As  r^ards  annual  upkeep,  taking  the  cost  of  a  brick  chiumey 
at  1500^.,  and  allowing  6^  per  cent,  for  interest  on  capital  ex- 
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penditnre,  depredatioa,  etc.,  an  animal  expeoditore  'will  be 
incurred  of  97/.  10«.  For  a  forced  draught  HyBtem  the  above 
-charges  may  be  taken  at  8  per  cent.,  which  on  a  capital  ex- 
penditure of  S501.  means  an  annual  payment  of  Ml.  The  cost 
of  runniDg  the  motor  which  would  be  required  to  drive  the  fiui, 
and  using  54,000  units  per  annum  at  id.,  is  56/.  Thus  the 
forced  draught  system  is  131.  10s.  cheaper,  annually,  than  the 
chimney  stack.  This  does  not  take  into  account  the  other 
advantf^es,  such  as  greater  control  over  iires,  and  therefore 
■economy  in  coal  consumption. 

If  the  air  be  heated  on  its  way  to  the  fires  no  additional 
expense  is  incurred,  except  a  slight  increase  in  the  capital  cost, 
while  the  conditions  under  which  combustion  takes  place  are  so 
much  improved  that  a  reduction  in  the  coal  bill  amounting  to 
'7>t  or  even  10  per  cent,  may  be  effected. 

The  boiler  house  is  61  feet  in  length,  48  feet  wide*  and  41  feet 
in  height,  and  contains  at  present  three  boilers,  each  30  feet 
long  by  8  feet  in  diameter,  and  one  30  feet  long  by  8  feet  6  inches. 
The  smaller  boilers  have  a  grate  area  of  38  square  feet  and  a 
heating  surface  of  101 5  square  feet,  while  the  larger  one  has 
37  square  feet  of  grate  area  and  a  heating  surface  of  1160  square 
feet.  The  respective  evaporations  are  6500  and  8000  lb.  of 
water  per  hour. 

The  Lancashire  boiler  is  eminently  suitable  for  Gloucester, 
which  possesses  a  clear,  bright  atmosphere,  and  experiences  few 
io^.  There  are,  therefore,  no  sudden  demands  for  steam,  such 
as  occur  in  many  manufacturing  towns.  Where  these  rapid 
demands  are  prevalent  the  water-tube  boiler  undoubtedly  pos- 
sesses advantages,  but  for  ordinary  steady  conditions  of  working 
it  cannot  compare  with  the  I^ncaahire  type,  which  has  the  very 
considerable  advantages  of  low  first  cost,  economical  steaming 
and  low  repairs  costs,  not  to  mention  the  freedom  from  anxiety 
it  insures  for  the  engineers  who  have  to  work  the  boilers,  which 
«annot  be  said  of  the  water  tube  boiler  with  its  rapid  evapora- 
tion and  small  water  space. 

All  four  boilers  work  at  a  steam  pressure  of  160  lb.  per 
Square  inch,  and  contain  the  usual  fittings,  of  Hopkinson's 
make.  The  main  flue  is  provided  with  a  Green's  economiser, 
having  192  tubes  in  two  sections  and  a  by-pass  flue.  The 
scraping  gear  of  the  economiser  is  driven  by  a  5  k.w.  Bruce- 
Peebles   enclosed  motor.      Previous   to    passii^    through   the 
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ecoDomifier  tbe  feed-water  is  heated  in  a  Berryman  feed-water 
heater.  The  latter  is  operated  by  the  exhaust  steam  from  the 
auxiliary  plant. 

The  pump-hoQse  is  situated  at  the  west  end  of  the  boiler- 
hottse,  and  contains  two  pomps,  one  an  Evans'  compound 
doabie-actii^  fly-wheel  pomp,  the  other  bwng  of  Messrs.  Weirs' 
manufacture,  and  of  the  type  associated  with  their  name. 

Both  pumps  draw  their  water  direct  &om  the  feed-tank, 
which  is  placed  above  the  pump-house,  and  has  a  capacity  of 
3500  gallons.  The  feed-water  consists  of  a  mixture  of  canal 
water  and  condensed  steam,  and  gravitates  from  a  bianch  on 
the  condenser  discharge  pipe  to  a  sump  near  the  boiler-house. 
From  the  sump  it  is  lifted  through  a  Mather  and  Flatt  feed-water- 
filter  to  the  feed>tank.  The  water  is  raised  from  the  feed-sump- 
and  elevated  to  the  tank  by  means  of  a  1^-inoh  centrifugal 
pump  driven  by  a  l^H.P.  motor,  also  of  Mather  and  Piatt's, 
make.  The  motor  is  started  and  stopped  automatically  by  a 
patent  switch,  operated  by  the  water  level  in  the  overhead  tank. 
The  action  is  very  simple.  A  wooden  float  in  the  tank  is  con- 
nected by  a  chain  to  the  switch  lever,  the  chain  passing  through 
ft  slot  in  a  flat  lever,  with  an  iron  weight  on  each  side  of  it 
attached  to  the  chain.  When  the  water  in  the  tank  is  low  the 
float  falls,  palling  the  chain  and  the  lower  weight,  which  raises 
the  switch  lever  and  starts  the  motor.  When  the  water  rises 
to  its  normal  level  again  the  top  weight  pushes  the  switch  lever 
down  and  stops  the  motor. 

The  main  steam-pipe  in  the  boiler-house  is  8  inches  in  dia- 
meter, increasing  to  10  inches,  the  connections  to  each  boiler- 
being  of  6  inches  diameter.  Water  pockets  are  fitted  at  the 
jtuction  of  each  engine  branch  with  the  main  steam-pipe^ 
There  are  no  steam  traps  on  the  main  range,  or,  indeed,  in  tlia 
station,  which  is,  perhaps,  a  unique  feature.  The  feed  system 
ia  duplicated,  so  that  in  the  event  of  a  breakdown  to  the  hot 
feed  pipe,  or  the  economiser,  the  boilers  could  be  fed  through  the 
cold  feed  pipe.  A  3-inch  auxiliary  steam  range  supplies  steaoL 
to  the  condensing  plant,  pumps,  etc. 

All  the  steam  and  exhaust  pipes  are  lagged  with  removable 
magnesia  covering,  and  the  pipe  joints  are  fitted  with  Lonsdale's- 
removable  steel  flange  boxes  packed  with  felt. 

The  engine-house  ia  96  feet  in  length,  37  feet  wide  and 
38  feet  high.     The  interior  walls  are  built  in  buEf  bricks,  with 
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a  dado  of  brown  glazed  biicks.  The  floor  is  laid  vitix  the 
Papyrolith  Co.'b  patent  paving.  The  8witch-room  runs  along 
the  south  side  of  the  eagine-room,  and  is  open  to  it.  The 
condenser  pit  is  situated  at  the  west  end  of  ^e  engine-iDom. 
The  chief  engineer's  and  chief  assistant's  offices  overlook  the 
engine-room,  and  access  to  them  from  it  is  provided  by  means 
of  an  iron  staircase. 

A  10-ton  overhead  travelling  crane  spans  the  engine-room. 
It  vas  made  by  James  Spencer  and  Co.,  and  is  operated  by  hand 
£rom  platforms  mnnii^  the  whole  length  of  the  crane  girders. 

The  engine-room  contains  at  present  three  lightii^  and  two 
traction  sets,  a  balancer,  a  reversible  booster,  and  a  n^ative 
booster. 

The  lighting  sets  consist  of  one  260  I.H.P,  compound,  two- 
crank  Bellies  engine  direct  coupled  to  two  75  kilowatt  ^ver- 
town  dynamos  of  inverted  horse^ioe  type ;  one  500  I.H  J.  triple 
expansion  three-crank  Bellias  engine  coupled  to  two  150  kilo- 
watt 8iIv«rtown  dynamos  of  the  same  type  as  the  smaller  set ; 
and  one  500  LH.P.  triple  expansion  three-crank  Willans  engine 
direct  coupled  to  two  160  kdlowatt  Mather  and  Piatt  four-pole 
dynamos. 

The  dynamos  are  all  shnnt-woond  to  give  from  220  volts  at 
no  load  to  250  volts  each  at  full  load.  The  first  two  generators 
have  smooth  drum  bar  armatures,  smaU  cononutatdis,  and 
copper  ganze  bmshes.  When  the  traction  plant  was  designed 
Uie  possibili^  of  adapting  the  existii^  lighting  sets  was  con- 
sidered, but  the  design  of  the  sets  rendered  them  totally  nn- 
suitable  for  this  work. 

It  may  be  pointed  out  that  although  the  smaller  engine  was 
designed  to  work  with  a  steam  pressure  of  130  lb.,  it  has  nev» 
worked  under  these  conditions,  as  it  always  takes  its  steam  from 
the  main  range,  at  a  pressure  of  160  lb.  This  'adaptability 
speaks  veil  for  the  soundness  of  manufacture. 

The  two  traction  sets,  which  are  of  equal  size,  each  consist 
of  a  three-crank,  triple  expansion  Willans  ei^ine,  of  300  LHJ>. 
direct-coupled  to  a  200  kilowatt  multipolar  generator  of  the 
General  Ilectric  Co.'s  moke.  The  latter  are  compound  wound 
to  give  &om  500  volts  on  open  circuit  to  600  volt«  at  full  load. 
They  are  also  arrst^ed  so  that  the  series  winding  may  be  cut 
out  of  circuit,  and  the  machines  are  then  capable  of  running  on 
the  lighting  load  if  required. 
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A.  levereible  booster,  osed  in  coDJaoctiou  with  the  battery 
is  placed  in  the  ei^ine-room.  It  is  of  Orompton  make  with 
Ciompton -Macintosh  winding,  and  ia  coupled  in  series  with  the 
battery,  the  object  of  the  combination  being  to  take  the  peaks 
of  the  load,  and  thus  by  equalising  the  work  on  the  generator, 
it  has  been  possible  to  instal  a  machine  of  smaller  output  than 
would  be  required  if  the  generator  had  to  deal  with  the  whole 
of  the  fluctuations  in  the  load.  The  r^olation  is  performed 
automatically.  The  motor  side  of  the  combination  takes  ita 
cnrrent  from  the  lighting  bus  bars  at  a  pressure  of  from  440  to 
480  volts,  and  the  generator  side  is  capable  of  giving  an  output 
of  120  volts  chaining  and  60  volts  dischargiug  with  a  maTrimTim 
current  of  300  amperes  for  10  hours. 

The  negative  booster  is  placed  near  the  reversible  booster, 
and  consists  of  two  open  protected-type,  four-pole  machines, 
direct-coupled,  and  moimted  on  the  same  bedplate.  The  motor 
side  takes  its  current  ttom  the  traction  bus  bars  at  a  pressure  of 
firom  500  to  560  volts,  and  the  dynamo  side  can  give,  at  con- 
stant speed,  an  output  of  400  amperes  at  8  volts  continually. 

The  battery  consists  of  260  cells  of  the  E.  P.  S.  Co.'s  "  P,"  or 
traction  type.  It  is  connected  in  series  with  the  reversible 
booster,  and  in  parallel  with  the  generators. 

The  switch-room,  as  mentioned  above,  is  open  to  the  engine- 
room,  but  its  floor  is  raised  4  feet,  and  thus  an  uninterrupted 
view  of  the  machinery,  etc.,  is  provided  for  the  ei^ineer-in- 
charge  and  the  switchboard  attendant.  This  is  a  distinct  im- 
provement on  a  gallery,  owing  to  the  absence  of  a  long  flight  of 
steps,  as,  in  case  of  emergency,  the  engineer  can  be  in  the 
engine-room  with  the  least  possible  delay.  The  switch-room 
contains  the  lighting  and  traction  switohboards.  The  former 
was  made  by  Crompton  and  Co.,  and  is  of  handsome  appearance. 
It  is  divided  into  three  main  panels,  the  neutral  and  instrument 
panel  in  the  centre  with  the  positive  and  negative  panels  on  the 
right  and  left  respectively.  The  board  is  constructed  of  slate 
slabs  fixed  in  a  wrought-iron  framework,  which  rests  on  a  plinth 
of  glazed  bricks. 

Each  set  of  two  dynamos  is  coupled  in  series  by  a  lead  ttom 
each  machine  taken  to  the  neutral  bar,  and  the  two  enter  leads 
are  run  to  their  respective  sides  of  the  board.  Thus  each  s^  is 
self-balancing.  Modem  practice  in  three-wire  systems  is  to  run 
single  generators,  and  obtAin  the  balance  of  current  by  means  of 
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small  units  which  are  either  steam  dynamos  or  motor  generators. 
This  method  may  be  preferable  in  large  stations,  where  there 
are  several  sets  running,  but  in  small  stations  where  the  out-of- 
balance  current  is  comparatively  light,  the  advantage  lies  dis- 
tinctly with  self-balancing  seta  both  from  an  economical  and 
working  point  of  view.  The  annual  cost  of  running  separate 
balancers  is  probably  more  than  the  interest  on  the  additional 
capital  outlay  necessary  to  provide  self-balancing  sets,  and  in 
case  of  breakdown  the  result  is  usually  a  total  feilure  of  supply. 
This  is  not  the  case  with  self-balancing  sets,  as  should  one 
machine  break  down,  the  other  can  usually  maintain  its  own 
supply  until  another  set  can  be  switched  into  circuit,  and  thus 
only  half  of  the  town  is  in  darkness.  All  the  dynamos  >ae 
coupled  up  to  the  bus  bars  on  both  sides  of  the  board,  through 
minimom  current  automatic  cut-outs,  designed  to  break  circuit 
when  the  current  falls  below  10  per  cent,  of  the  full  load. 
Duplex  fuses  are  also  inserted  with  two-way  single  pole  switches. 
In  circuit  with  each  dynamo  is  a  Crompton  shunted  ammeter, 
and  a  dead-beat  voltmeter  is  common  to  all  the  machines  on 
each  side  of  tJie  system.  The  shunt  regulating  switches  and 
shunt  breaking  switches  aie  placed  on  the  panels  below  the 
instruments.  The  feeders  are  taken  off  the  top  of  the  board. 
Each  has  an  ammeter  and  a  two-way  switch  with  quick-break 
action,  and  a  duplex  fuse.  Below  the  feeder  instruments  are  the 
vertical  dynamo  and  feeder  bats,  which  are  connected  to  the  main 
bus  bars,  at  the  back  c^  the  board,  by  screwed  gun-metal  plugs. 

In  the  centre  panel  are  the  Eelvin  voltmeters,  for  pilot 
wires  and  main  station  bus  bars. 

The  neutral  bar  is  "  earthed  "  by  a  lead  taken  to  the  intake 
tank.  In  circuit  with  this  connection  is  an  automatic  cutout. 
It  is  arranged  to  short-circuit  the  ammeter  when  the  earth  cur- 
rent exceeds  10  amperes,  leavii^  a  direct  connection  &om  the 
middle  wire  to  earth. 

The  traction  switchboard,  which  is  also  constructed  of  slate, 
contains  seven  panels,  the  Board  of  Trade  panel  being  placed  in 
the  centre  with  the  three  feeder  panels  on  the  left  and  the 
battery  and  two  generator  panels  on  the  right.  Each  generator 
panel  contains  a  reverse  current  circuit  breaker,  designed  to 
break  circttit  on  the  reversal  of  the  current  to  the  extent  of 
10  per  cent,  and  in  this  event  only.  An  ammeter,  a  single  pole 
main  switch,  and  a  double  pole  change-over  switch,  are  also  pro- 
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Tided.  The  latter  is  designed  to  enable  the  msohine  to  be 
ooapled  either  to  the  traction  buB  bars  as  a  compound  machine, 
or  to  the  lighting  bus  bars  as  a  plain  shunt  maohin&  Theie  lA 
an  equaliser  switch  on  each  machine  for  paralleling. 

The  battery  panel  is  arranged  in  a  very  similar  manner,  bat 
maximnm  breakers  are  used  instead  of  the  revBrae  onrrent  type. 

The  Board  of  Trade  panel  contains  the  nsnal  inatnunenta, 
vhich  are  necessary  to  carry  out  the  various  tests  required  by 
the  Board.  They  consist  of  the  main  ammeter,  drop  roltmeter, 
pilot  switch,  leaJc^  cnrrent  ammeter,  and  the  shunt  for  the 
recording  earth  return  ammeter. 

'^e  resistance  cellar  is  below  the  switchroom  and  contains 
the  shont-regnlating  reaiataucea,  feeder  meters,  etc. 

The  exhaust  steam  from  the  ei^nes  passes  through  a  16-inch 
main  under  the  engine  room  floor  to  the  condensers,  of  which 
there  are  three,  all  of  jet  t^pe  and  each  capable  of  dealing  with 
10,000  lb.  of  stesm  per  hour.  The  two  original  sets  are  of 
Blake  Knowles  make,  and  consist  of  compound  engines,  driving 
the  air  and  circuladi^  pumps  direct.  The  third  aet,  which  was 
erected  in  1904,  was  made  by  Summera  and  Scott,  of  Gloucester 
and  consists  of  a  compound  fiy-wheel  engine,  driving  air  and 
circulating  pumps  of  Edwards'  typeataspeedof  lOBreV^utiona 
per  minute.  All  three  condenaera  are  fitted  with  an  automatic 
brake  vacnnm,  mnIHTig  it  impossible  for  the  iigeotion  water  to 
back  np  into  the  exhaust  main. 

An  automatic  atmospheric  valve  is  connected  to  the  ex- 
haust main  for  relieving  the  back  pressure  on  the  engines  in  tlie 
event  of  a  breakdown  to  the  condensera,  or  for  running  non- 
condensing  if  required. 

The  condensing  water  is  obtained  &om  the  oanal  baaiii. 

The  intake  pipe  is  placed  at  a  depth  of  3  feet  below  the 
lowest  summer  level  of  the  canaL  The  water  gravitates  Uiroog^ 
18-inch  cast-iron  pipes  to  a  large  screening  tank,  &om  whence 
it  is  drawn  by  the  circulating  pumps.  This  tank  is  14  feet 
long  by  8  feet  wide  and  15  feet  in  depth,  and  is  placed  outside 
the  engine  room.  It  is  constructed  with  brick  walls  14  ioohea 
thick,  resting  on  a  oonorete  foundation.  The  tank  is  divided  by 
a  wrought  iron  screen,  the  intake  and  auction  pipes  being  on 
opposite  aides  of  the  screen.  The  screeas  are  in  duplicate.  The 
condensed  st«am  and  injection  water  is  discharged  through 
18-inoh  pipes,  with  a  Ml  of  1  in  76  to  the  opposite  comer  of  the 
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basin.  An  overhead  tank  has  been  &ted  near  the  screening 
tank,  into  which  -water  is  pumped  by  a  IJ-inch  centrifugal  ptunp 
driven  by  a  2-H.P.  British  7'homeon-HouBton  motor.  The  water 
so  raised  is  supplied  by  the  works  to  the  Streets  Committee  for 
street  watering  purposes  at  a  charge  of  one  penny  per  van  load. 

There  are  40  miles  of  cables  laid,  all  on  the  "  solid  "  sy^em. 

The  feeders  and  distributors  are  of  triple  concentric  type 
with  the  neutral  "wire"  outside.  They  are  laid  in  cast-iron 
troughs,  and  are  surrounded  with  insulating  compound.  The 
arc  cable,  of  which  there  is  loj  miles,  is  composed  of  a  lead- 
sheathed,  armoured,  single  7/16  and  7/18  conductor  laid  direct  in 
the  ground.  All  the  original  cables,  connections,  junctions,  etc, 
were  made  by  Messrs.  •  Callenders.  Since  the  cables  were  laid 
we  have  improved  the  network  by  dividing  it  into  sections, 
each  supplied  by  one  of  the  existing  feeders,  and  linking  these 
sections  together  through  suitable  fuses.  The  Board  of  Trade 
are  now  askiug  for  this  to  be  done  in  all  low  tension  networks. 
In  our  case  on  more  than  one  occasion  it  has  prevented  na 
having  a  serious  breakdown  of  the  system. 

Owing  to  the  heavy  and  rapidly  increasing  load  in  the  centre 
of  the  toWtJ,  it  has  been  found  necessary  to  construct  a  sub- 
station at  the  Cross,  into  which  all  three  feeders  passing  that 
point  are  run.  By  this  alteration  the  load  on  this  district  ia 
carried  by  cables  equivalent  to  a  1*2  square  inch  feeder.  The 
sub-station  is  built  underground,  and  is  12  feet  6  inches  long, 
9  feet  wide,  and  7  feet  6  inches  in  height.  It  is  built  of  brick- 
work, lined  with  glazed  bricks,  with  a  damp  course  of  "  Tenax  " 
1  inch  thick  in  the  walls  and  Soor.  It  is  well  ventilated  by 
means  of  an  upcast  shaft  and  small  motor  fan,  tite  &esh  air 
inlet  being  an  ordinary  manhole  cover  at  the  pavement  level. 

A  neat  switchboard  by  J.  G.  Statter  and  Co.  is  fixed  in  the 
sub-station,  fitted  witli  the  nece.9sary  instruments.  The  total 
cost  of  the  sub-station  was  340^. 

Gloucester  is  exceptionaUy  well  provided  with  arc  lightii^, 
there  being  a  total  of  175  lamps  installed.  Fifty-two  of  these 
were  included  in  the  original  scheme,  the  remainder  were  erected 
in  1904'to  provide  efBcient  lighting  along  the  whole  of  the  light 
railway  routes  within  the  city. 

The  lamps  are  arranged  in  circuits  of  nine  on  440  volts  and  of 
four  on  220  volts.  Each  lamp  base  is  fitted  with  an  automatic  cut- 
out and  resistance  to  maintain  the  current  should  any  lamp  faU. 
The  lamp  columns  are  20  feet  high  from  the  ground  level. 
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The  lamps  are  suspended  by  steel  wires  and  are  lowered  for 
trimming  and  repairs  by  means  of  a  winch  fitted  in  the  base  of 
the  columns.  An  tuitomatic  safety  catch  prevents  the  lamps 
from  falling,  should  the  suspending  wire  break.  The  lamp  cir- 
cuits are  operated  by  switches  placed  in  the  base  of  the  column 
of  each  end  lamp  on  a  circuit,  and  aatomatic  time  switches  are 
now  being  experimented  with  and  will  be  adopted,  if  proved 
BQCcessful. 

Each  alternate  lamp  is  switched  out  at  midnight. 

There  are  one  or  two  groups  of  incandescent  lamps  installed 
in  side  streets,  but  owing  to  the  keen  competition  of  the  local 
gas  company  the  revenue  from  eadi  is  extremely  small,  and  at 
the  present  time  it  hardly  pays  us  to  push  their  extension. 

The  method  of  cbaiging  consumers  ia  the  maximum  demand 
system,  and  Wright's  indicators  are  used.  The  charge  for  light- 
ing is  Qd,  per  unit  for  any  number  of  units  up  to  the  equivalent 
of  100  hours  use  per  quarter  of  the  maximum  demand  recorded 
by  the  indicator,  and  2d.  per  unit  for  all  consumption  during 
the  quarter  beyond  the  above.  The  charge  for  motive  power  is 
3d.  and  \^d.  per  unit  respectively. 

The  capacity  of  the  station  plant  is  1150  kUowatta,  of  which 
400  are  for  traction  purposes,  and  allowing  one  spare  set  of 
300  kilowatts,  the  net  available  capacity  for  lighting  stands 
at  450  kilowatts,  which  is  equivalent  to  15,000  8-c.p.  lamps. 

Some  idea  of  the  increase  in  the  demand  for  energy  may  be 
obtained  from  the  fact  that  in  December  1900  the  total  equiva- 
lent number  of  8-c.p.  lamps  connected  to  the  mains  was  only 
12,000,  whilst  there  are  now  about  40,000,  or  about  2§  times 
the  available  capacity  of  the  plant.  The  number  of  consumers 
has,  in  like  manner,  increased  from  100  to  460. 

The  load  factor  is  16*6,  with  a  maximum  load  of  720 
kilowatts. 

The  cost  of  production  for  the  year  ending  Slst  March,  1905, 
is  given  below.  It  will  be  found  to  compare  favourably  with 
other  stations  of  similar  size : — 

Coal -35 

Oil,  waste,  (rater,  and  BtareH         -02 

Wages      -21 

Work!  coat      -TS 

RentH,  rates  kod  toiea -08 

UauSKeDiBi.t,  iifflce  and  le^al  cipensei      -19 

Tola)  cost  per  unit  sold 100 
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Owing  to  the  rapidly  increasing  demand  for  energy,  it  was 
decided  at  the  dose  of  the  past  year  to  lay  down  large  extensions 
to  tlie  plant,  and  these  toe  now  under  constmctaon.  They  con- 
sist of  three  Lancashire  boUeis,  each  30  feet  long  by  8  feet 
$  inches  in  diameter,  fitted  with  downtake  superheaters ;  a  600 
kilowatt  steam  generator;  an  alectrically'driven  sur&ce  con- 
densing plant  to  deal  with  30,000  lb.  of  steam  per  hour;  an 
electrically-driTen  feed  pump ;  and  the  necessary  extensions  to 
the  pipework,  includii^  a  new  ecoaomiser  section;  also  the 
necessary  additions  to  the  boiler  boose  to  accommodate  the  new 
boilers ;  and  extensions  and  alterations  to  the  refuse  destrocttn* 
buildings,  giving  a  greatly  increased  storage  capacity. 

Befdse  Debtbcctob. 

The  construction  of  the  refuse  destructor  has  been  dealt  with 
by  Mr.  Bead,  the  City  Surveyor,  in  his  paper,  but  it  may  be 
Iwiefly  stated  here  ttuit  the  destructor  consists  of  two  "twin" 
ceils  of  "  Heenan  "  type,  each  with  a  grate  area  of  66  square 
feet,  or  33  square  feet  per  cell.  The  Babcock  boilers  are  placed 
above  the  cells,  the  combustion  chambers  intervening.  Eaoh 
twin  cell  was  des^ned  to  deal  with  25  tons  of  refoae  per  day, 
but  the  quantity  dealt  with  often  exceeds  30  tons  per  day.  1^ 
large  hoppers  as  originally  installed  were  not  foond  sati^otoij, 
and  we  have  replaced  them  by  small  hoppers,  holdii^  about 
5  owt.,  with  an  iron  door  between  tJie  bottom  of  the  hopper  and 
the  ceU.  TioB  door  i»  conntei-weig^ted,  and  is  operated  by  a 
lever  wwked  by  the  charger,  on  the  tipping  platform.  When 
burning  the  normal  quantity  of  refuse,  charging  is  performed 
about  every  quarter  of  an  hour.  A  fireman  stationed  on  tJie 
dinkering  floor,  drags  the  refuse  on  to  the  grates  and'  distributes 
it  by  means  of  a  Icmg  rake.  Two  men  are  employed  per  shift  of 
8  hours,  but  when  the  amount  burnt  exceeds  25  or  26  owt.,  an 
extra  hand  is  required  to  assist  the  fireman.  The  wages  of  these 
men  are  6^.  and  M.  per  hour  respectively. 

The  "Howden"  system  of  forced  draught  as  fitted  is  a  very 
successful  feature  of  the  plant  The  temperature  of  the  air  in 
the  hot-air  chamber  is  about  220°  to  230°  F.,  with  a  drauj^t 
equal  to  2  inches  on  the  water  gauge.  The  motors  and  fan* 
supplying  the  air,  work  exceedingly  well  in  spite  of  the  bying 
conditions  under  which  they  are  operated,  and  have  coat  very 
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little  for  lepaira.  From  teats  which  have  been  earned  oat  on 
(be  plant  the  temperatnre  in  the  combastjon  chamber  has  been 
proved  to  exceed  2000"  F.,  and  an  evaporation  of  I'S  to 
2  lb.  of  water  per  pound  of  refuse  burnt  was  obtained  with  feed 
water  at  a  temperature  of  212°  F.  The  ateam  piessnre  is 
maintained  constantly  at  160  lb.  The  clinker  w  of  jery  fair 
quality,  and  amounts  to  about  25  per  cent,  of  the  we^[bt  of 
refnse  codsnmed. 

Troablee,  such  as  are  bound  to  exist  in  a  brickwork  furnace, 
working  at  such  high  temperatures,  have  been  encountered  from 
time  to  time.  The  repairs  uBually  consist  of  renewals  of  tiie 
fire-brick  work.  It  may  be  interesting  to  note  here,  one  of  the 
most  serious  defects  which  has  occurred,  viz.,  the  fusing  and 
consequent  failure  of  the  steel  joists  cairyiDg  the  brickwork 
Above  the  entrance  to  the  cells  at  the  bottom  of  the  refuse 
shoots.  These  were  removed  and  biiok  arches  snbstitnted. 
The  Anthor  Is  of  the  opinion  that  metal  should  not  be  built 
into  brickwork  exposed  to  great  heat,  as  the  brickwork  tends  to 
mdiate  the  heat  into  the  metal,  which,  in  the  case  of  steel 
greatly  weakens  its  strength,  even  if  fusion  does  not  occur. 


DISCUSSION. 

The  President  :  I  should  like  to  have  the  privil^e  of  pro- 
posing n  liearty  vote  of  thanks  to  Mr.  Bead  and  to  Mr.  Bache 
for  preperii^  these  two  excellent  papers  for  discussion.  Taking 
Ifc.  Bead's  paper  first,  there  are  one  or  two  points  I  would  like 
briefly  to  refer  to.  With  regard  to  the  number  of  faonses  to 
popnlation,  it  cannot  be  said  at  the  present  time  that  Gloucester 
is  fronbled  with  overcrowding.  The  average  population  comes 
«ut  a  little  below  4^  persons  per  house.  On  the  question  of 
water  supply,  I  congratulate  the  city  of  Gloucester,  and  particn- 
larly,  Mr.  Head,  the  able  engineer,  on  having  reduced  the  con- 
somptJon  of  water  from  32  gallons  to  22  gallons  per  head  per 
^liem.  I  think  that  is  a  great  achievement ;  due  to  the  installa- 
tion of  the  Deacon  meter.  I  may  say,  &om  my  own  observa- 
tion during  my  sojourn  here,  I  have  ascertained  that  there  is 
no  restriction  on  the  supply.  In  the  hotel  in  which  I  stayed 
last  night,  there  was  plenty  of  water ;  there  is  no  restriction  to 
a  flush  of  two  or  three  gallons,  but,  notwithstanding  this,  the 
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consumption  is  only  22  gallons  per  head,  which  is  veiy  satis- 
factory, especially  in  view  of  the  fact  that  a  constant  service  is 
maintained.  Then  with  regard  to  the  intercepting  trap.  Dare 
I  mention  that  in  Gloucester  f  and  in  the  presence  of  Mr.  Read? 
We  know  how  intensely  he  dislikes  the  intercepting  trap ;  but 
on  the  other  hand,  there  are  differences  of  opinion.  1  do  not 
mind  candidly  confessing  that  I  hold  a  different  opinion,  though  I 
do  not  mind  saying  that  it  is  a  choice  of  evils.  I  notice  there 
is  a  reference  in  the  paper  to  Tarkish  baths.  I  am  very  pleased 
to  find  that  Gloncester  possesses  Turkish  baths,  because  I  think 
they  are  a  luxury  for  any  town  to  possess.  I  notice  that  the 
temperatures  range  from  140"  to  220°  F.,  but  as  one  who  indulges 
now  and  then  in  the  luxuiy  of  a  Turkish  bath  I  surest  thftt  a 
better  range  of  temperature  would  be  from  125°  or  130°  to  26^^'  F. 
The  cost  of  the  infectious  diseases  hospital  at  Over  works  out 
at  about  650^.  per  bed,  which  seems  to  be  a  very  high  figure. 
With  regard  to  the  collection  of  house-refuse,  I  understand  that 
receptacles  of  all  sorts  and  sizes  are  put  out  in  the  streets 
pending  the  arrival  of  the  Corporation  ashmen.  I  deprecate  that 
system.  I  think  it  would  be  better  for  the  men  to  go  round 
fewer  times  in  the  week  and  collect  &om  the  backs  of  the  houses 
than  to  have  the  refuse  put  out  in  an  unsightly  manner  in  the 
&ont.  Mr.  Read  has  referred  to  the  roads  hut  does  not  give  the 
cost  of  maintenance.  I  would  like  him  to  give  us  the  cost  of 
maintenance  of  both  main  and  district  roads. 

Mr.  A.  D.  GrREATOKEX :  I  have  much  pleasure  in  seconding 
the  vote  of  thanks  to  Mr.  Bead  and  Mr.  Bache  for  the  very  able 
papers  they  have  given  us  to-day.  With  reference  to  the  collec- 
tion of  refuse  from  the  houses,  I  think  the  citizens  must  be  very 
fortunate  to  have  their  refuse  collected  so  often,  but  I  quite  agree 
with  the  President  tbat  it  is  not  at  all  nice  to  see  receptacles 
of  one  kind  and  another  placed  outside  the  houses,  and  it  wonld 
be  better  to  have  some  other  system  if  possible.  Mr.  Bead  has 
been  very  fortunate  in  getting  the  connections  made  with  the 
drainage  of  the  2000  houses,  at  the  cost  of  the  owners.  As 
regards  the  infectious  diseases  hospital,  the  cost  per  bed  does 
seem  rather  high.  With  regard  to  Mr.  Bache's  paper  on  electric 
lighting,  I  would  like  him  to  give  the  cost  of  street  lighting  per 
lamp. 

Mr.  W.  Harpuk  :  In  reference  to  the  collection  of  house- 
refuae,  I  am  sorry  I  am  not  of  tlie  same  opinion  as  the  President. 
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I  think  the  oftener  the  collections  can  be  made  the  better.  If 
they  can  be  made  daily,  so  mach  the  better  for  the  health  of  the 
inhabitants — rather  than  keeping  unwholesome  refuse  upon  the 
premises  of  householders.  I  would  like  Mr.  Bead  to  explain 
what  he  means  by  the  statement  that  "  another  difficulty  \b  that 
the  receptacles  coutaining  refuse  are  of  a  very  miscellaneous 
character,  consisting  of  all  kinds  of  wooden  boxes,  etc.,  but 
where  the  proper  sort  of  sanitarylgalvanized  iron  bin  is  used,  the 
system  works  very  well."  I  do  not  see  that  it  makes  any  dif- 
ference that  the  receptacles  are  of  different  shapes  and  sizes, 
unless  of  course  they  are  too  laige  and  heavy  for  the  men  to 
lift  into  the  carts.  The  best  way  in  my  opinion  to  prevent 
having  unsightly  receptacles  with  refuse  about  the  streets  in 
the  morning,  is  to  collect  the  refuse  at  night.  At  Cardiff,  resi- 
dents put  their  receptacles  out  at  night  whea  going  to  bed,  the 
carts  go  out  at  midnight,  and  in  the  morning  residents  take  in 
the  empty  boxes.  By  10  or  11  o'clock  the  following  morning, 
the  streets  are  swept  up  and  cleao,  and  you  do  uot  have  these 
refuse  boxes  about  the  streets  throughout  the  day  causing  so 
much  untidiness  and  litter, 

Mr.  NORHA.N  ScoitGiE :  I  stand  hers  having  probably  a 
longer  acquaintance  with  Mr.  Read  than  any  other  person  in  the 
room.  Mr.  Bead  has  told  us  that  he  commenced  hia  duties  in 
Gloucester  in  1878,  and  I  became  associated  with  him  in  that 
year,  being  his  first  pupiL  I  can  well  remember  the  priucipal 
works  carried  out  here  between  1878  and  1883.  Notably  the 
difficulty  experienced  with  the  water  supply  and  the  attempt  to 
get  an  augmentation  of  the  supply  by  means  of  tunnelling  at 
Witcombe.  The  supplementary  works  at  Newent  are  since  my 
time.  I  congratulate  him  on  the  connection  of  the  old  house 
drains  of  2000  houses  with  the  new  sewers,  wliich  I  presume  was 
done  at  the  expense  of  the  owners.  That  is  a  thing  which  very 
few  of  us  could  get  done,  and  Mr.  Read  is  to  be  heartUy  con- 
gratulated because,  assuming  that  those  connections  only  cost 
10/.  a  house,  it  meant  the  saving  by  Mr.  Bead  of  20,000/.  to  the 
town.  I  know  Mr.  Bead's  objection  to  the  intercepting  trap. 
If  we  were  private  practitioners,  we  might  hold  different  opinions 
on  that  question.  The  province  of  the  authority  is  to  ventilate 
the  sewers,  while  the  duty  of  the  householder  is  to  ventilate  his 
own  drains,  and  I  do  not  think  we  should  endeavour  to  shirk 
our  duty  by  getting  someone  else  te  do  what  we  have  a  statutory 
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obligation  to  undertake.  Aa  r^ardfl  the  baths,  it  is  stated  that 
3667  free  tickets  were  issued  last  year.  I  sfaonid  like  to  know 
hov  those  tickets  were  distributed,  whether  through  the  medium 
of  members  of  the  council,  or  by  the  Charity  Organisation 
Society,  or  the  religious  denominations.  I  take  it  that  Uie 
tickets  that  were  sold  refer  to  the  whole  of  the  ha&a,  and  not 
the  Turkish  and  Knsaian  baths  alone.  It  is  somewhat  ambigoons 
io  the  paper.  I  ^ree  with  Mr.  Harpur  that  the  oftener  hoose- 
refase  can  be  collected,  the  better  it  is  for  the  health  of  liie 
district.  At  the  same  time,  I  disagree  with  putting  i«ceptecles 
oat  on  the  pavement  either  by  day  or  night,  If  Mr.  Harpnr 
wUl  only  travel  to  Glasgow,  where  they  put  the  refose  out  at 
night  and  see  the  condition  of  the  streets  after  10  o'clock,  he 
will  alter  his  opinion  as  to  night  coUectiou.  The  people  at 
Cardiff  must  be  a  very  law  abiding  set  not  to  upset  the  boxes 
when  they  are  put  out  in  the  streets  at  night,  particularly  the 
yonsg  hooligans.  Dealing  with  the  roads,  I  should  like  to  know 
the  reason  for  using  Chepstoir  stone  for  the  first  coating  of  new 
Toads  and  the  making  up  of  private  streets.  I  presume  it  is 
done  on  the  score  of  expense,  but  it  is  a  well-known  fact  that 
after  a  street  has  been  made,  tbe  responsibility  of  sabaeqaeut 
maintenance  becomes  the  duty  of  the  authority,  and  I  hold  to 
make  up  the  street  with  an  inferior  material  to  save  tbe  abutting 
owners  some  part  of  the  initial  expense  is  not  a  sound  municipal 
policy,  because  mider  these  circumstances  tbe  subsequent  main- 
tenance becomes  a  charge  on  the  rates  at  an  earlier  period  than 
it  should.  I  think,  if  you  use  Clee  Hill  Dhu  stone  subsequently, 
yon  should  employ  it  in  tbe  first  instance,  for  the  reason  pre- 
viously mentioned.  I  should  like  to  support  tbe  vote  of  tbuiks 
to  Mr.  Bache.  Mr.  Bache  tells  ns  the  works  cost  of  eleobricity 
is  Id.  per  unit,  but  he  does  not  tell  us  the  price  he  gets  for 
public  or  private  lighting ;  also  that  they  have  got  176  arc 
lamps  inst^ed,  but  what  is  paid  for  the  lamps  is  not  mentioned 
in  the  paper.  I  am  told  that  tbe  10-ampere  lamps  are  charged 
181.  per  annum,  tbe  7-ampere  lamps  13^  10«.  and  tbe  5-ampeie 
lamps  11^  10(.  The  6-ampere  lamps  are  somewhat  smaller  than 
I  have  known  to  give  satisfitctory  results  for  arc-lighting,  and 
probably  Mr.  Bacbe  will  express  an  opinion  as  to  whether  they 
give  equally  satisfactory  results  to  the  Brockie-Pell  10-ampere. 
Assuming  that  the  electricity  undertaking  bad  been  nncter  a 
private  company,  would  the  council  of  Gloucester  have  installed 


DigizedbyGOOgle 


DIBCUS310H,  265 

176  Iftmpa  and  been  their  purchaser  at  the  rate  before  mentioned, 
•or  has  it  only  been  done  becaose  you  are  purchasing  from  yonr- 
aelvee?  It  is  a  point  often  lost  sight  of  in  public  lighting. 
Wliatever  public  lighting  costs  ia  a  permanent  load  upon  the 
rates,  whether  it  be  purchased  from  the  council  or  from  a  public 
■company,  and  it  seems  to  me  that  the  installation  of  arc-lighting 
in  tiiB  streets  has  cost  the  ratepayers  about  an  additional  Id.  in 
the  pound.  It  cannot,  however,  be  said  that  it  was  done 
Ijecause  it  was  necessary  to  light  those  roads  along  which  the 
tramways  run,  because  the  tramways  extend  beyond  the  city 
boundary  where  no  euch  system  of  lighting  is  employed. 
Therefore,  if  it  were  absolutely  necessary  to  have  arc- 
lighting  for  tramway  purposes,  either  the  trams  ought  to  have 
-stopped  at  the  city  boundary  or  the  lamps  should  have  been 
placed  along  the  whole  route.  As  r^ards  the  destructor,  we 
are  told  that  t^e  wages  of  the  men  are  5^.  and  6d.  per  hour, 
two  men  working  on  a  shift  of  eight  hours.  What  is  the  total 
■cost  of  destioying  the  refuse,  either  excluding  or  including  the 
capital  charges ;  and  also,  is  the  destructor  worked  as  a  part  of 
the  electric  light  undertaking  aa  it  should  be,  and  the  electricity 
department  paid  so  much  peat  ton  for  destroying  the  refuse,  and 
making  what  they  can  out  of  it.  It  is  a  mistake  to  manage  the 
■dutt  destructor  department  by  allowing  the  electricity  people  to 
spend  money  provided  by  another  department  out  of  the  rates. 
They  should  take  the  refuse  at  a  &ir  amount  per  ton  and 
make  what  they  can  out  of  it,  instead  of  chw^^ing  the  Public 
Health  Department  whatever  they  make  the  cost  come  out  at, 
■and  crediting  the  PnbKc  Health  Department  witli  what  they 
make  the  steam  come  out  to.  The  electric  engineer  would  then 
endeavour  to  use  as  much  steam  as  he  possibly  could  from  the 
•dust  destructor  so  as  to  save  liis  coal  bUl.  He  is  now  paid  6d. 
per  ton  of  refuse  and  the  cost  of  destroying  it  does  not  concern 
him.  That  shonld  be  altered.  Therefore,  I  should  like  to  know 
tiie  cost  of  the  burning  of  the  refuse,  and  to  what  extent  the 
Public  Health  Department  benefit  by  the  electricity  works 
using  the  steam,  which  is  generated  by  the  heat  from  the 
■destroying  of  the  refuse. 

Mr.  A.  P.  I.  CoTTBBELL :  I  have  been  very  much  Interested 
in  reading  the  papers  and  join  in  congratulating  the  Anthots. 
Personally  I  am  very  interested  in  visiting  this  ancient  city  under 
the  ^nresent  circumstances,  and  seeing  what  is  going  on  initfixMn 
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the  manicipal  point  of  view.  I  was  very  pleased  to  notice  the 
way  in  whicli  'Mr.  Kead,  in  the  introduction  to  hia  paper,  alluded 
to  the  origin  of  the  city.  There  is  little  doubt  that  the  facilities 
which  existed  in  regard  to  water  Bupply  and  water  carriage  were 
responsible  for  the  origin  of  Gloucester  as  a  city,  and  it  is  note- 
worthy that  to  similar  reasons  is  far  be  ascribed  the  cominj;  into 
being  of  many  other  cities  in  the  kingdom.  The  lustory  of  the 
city's  water  supply  seems  to  be  an  extremely  interesting  one, 
and  particularly  in  regard  to  the  turn-about — which  has  taken 
place  in  Mr.  Bead's  r^me — from  a  spur  of  the  Cotswold  Hills 
in  the  eastern  direction  to  the  Kewent  district  in  the  west.  I 
think  Gtloucester  has  done  a  good  thing  by  turnlDg  round,  and 
Mr.  Head  and  the  city  are  to  be  congratulated  that  the  tunnel- 
ling proposed  by  Mr.  Bateman  at  Witcombe  was  notcarried  out, 
because  it  is  very  unlikely  that  an  adequate  supply  of  water 
oould  have  been  obtained  there.  The  boring  at  Newent  is  in- 
teresting because  it  is  an  exceptionally  placed  geological  neigh- 
bourhood. Apparently,  from  the  section  exhibited,  the  boring  of 
the  well  passed  entirely  through  the  Triassic  formation.  If  I  am 
not  mistaken,  the  Archaean  or  Silurian  beds  are  only  a  short  dist- 
ance oS.  The  section  shows  the  passage  tlirongh  three  or  four  thin 
beds  of  conglomerate,  but  it  does  not  appear  as  if  the  boring  is 
in  the  conglomerate  base  of  the  Trias.  We  know  that  in  the 
midlands  the  Buuter  beds  are  the  water-bearing  strata,  and  the 
place  where  most  water  can  be  safely  obtained  ;  but  in  this  part 
of  England  the  Bunter  beds  seem  to  have  run  out — at  any  rate 
they  do  in  the  neighbourhood  of  Bristol — and  I  should  like  to 
know  if  l^ey  appear  in  the  ne^hbourhood  of  Gloucester.  I  know 
how  uncertain  water  supplies  in  the  marl  are,  so  that  I  cannot 
think  that  they  have  tapped  tliis  formation.  While  speaking  of 
water  I  would  like  to  mention  to  the  meeting  a  very  interesting 
set  of  experiments  which  my  friend,  the  borough  engineer  of 
Newport,  has  just  carried  out.  He  was  having  great  trouble 
from  the  growth  of  weeds  of  the  smaller  varieties  in  the  reser- 
voirs, and  he  has  most  successfully  treated  them  by  the  addition 
to  the  water  of  cupric  sulphate,  wliich  I  thought  a  rather  risky 
experiment.  The  effect  of  it  has  been  to  entirely  clear  the  re- 
servoir and  mains,  and  to  save  the  town  a  sum  of  over  200W. 
I  do  not  know  whether  this  has  occurred  to  Mr.  Read,  but  it  is 
very  clear  that  if  the  weeds  can  be  got  rid  of  so  cheaply,  it  is 
worth  considering,  especially  as  I  am  assured  tlmt  the  addition 
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of  cupric  sulphate,  if  carefully  done,  does  not  damage  the  water 
for  potable  pnrpoaes. 

Mr.  E.  H.  Crohp  :  t  ahould  like  to  aak  Mr.  Bead  a  few 
questions  about  the  water  supply  and  well  at  Newent.  With 
T^ard  to  the  well  at  Neweut,  I  find  that  lieadings  had  to  be 
driven  in  order  to  obtain  au  increased  supply.  At  Hinckley 
we  have  a  similar  supply  from  the  same  strata,  and  unfortun- 
ately when  the  well  vraa  sunk,  headings  were  not  driven.  It  ie 
no  uncommon  thing  for  the  water  in  this  kind  of  strata  to 
diminish  in  quantity  after  pumping  a  few  years.  Our  supply 
has  diminished,  and  I  would  like  to  know  what  the  cost  of 
driving  the  headings  was,  the  addition  obtained  to  the  supply, 
and  whether  there  has  been  any  subsequent  diminution  of  the 
supply.  Mr.  Read  does  not  mention  if  he  has  any  main  roads 
in  the  district,  and  if  so,  what  the  county  council  allow  him  per 
mile. 

Mr.  P.  E.  A.  WiLLOUGHBV :  With  reference  to  the  collection 
of  house-refuse  I  should  like  to  know  whether  it  is  done  by 
direct  labour  or  contract.  If  it  is  done  by  direct  labour  I  would 
like  to  know  bow  Mr.  Bead  disposes  of  the  horses  for  the 
remainder  of  the  day,  as  horses  are  more  required  for  town  work 
in  the  early  morning  than  later  in  the  day.  I  am  also  a  disciple 
of  Mr.  Harpur  in  believing  in  a  daily  collection  of  house-refuse. 
As  to  the  disconnecting  trap  a  lot  of  trouble  often  arises  from 
the  inaccessible  places  in  which  the  disconnecting  traps  are 
placed.  If  builders  could  be  persuaded  always  to  place  an 
inspection  chamber  on  the  drain  in  a  place  easy  of  access,  a 
great  mauy  of  the  objections  to  the  intercepting  trap  would  l*e 
removed.  As  regards  the  wood  paving  I  should  like  Mr.  Bend 
to  state  what  he  considers  to  be  the  life  of  jarrah  wood,  and 
whether  there  is  much  loss  from  openings  in  the  streets.  In 
Pontypridd  we  hare  adopted  soft  wood,  and  as  we  have  the 
separate  system  of  drainage,  our  own  and  a  company's  electric 
mains  often  in  duplicate,  a  company's  water-mains,  and  our 
own  gas  mains,  the  streets  are  in  a  constant  state  of  eruption. 
I  find  that  when  once  taken  up  the  soft  wood  blocks  will  not 
stand  relaying,  and  though  the  initial  cost  is  less,  the  cost  of 
repairs  is  excessively  heavy,  as  compared  with  the  hard  wood 
blocks. 

Mr.  J.  S.  Pickering  :  I  should  like  to  ask  Mr.  Bead  to  give 
us  a  little  more  information  with  respect  to  the  installation  uf 
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mechanical  filters  he  has  put  down.  I  do  not  know  whether 
tbeie  is  any  discrepancy  in  the  figures,  bnt  I  cannot  agree  with 
Mr.  Bead  in  his  remarks  that  the  expense  of  5000^  is  only 
ahout  a  quarter  of  the  coat  which  would  be  entailed  in  putting 
down  ordinary  gravitating  filters.  For  20,000/,,  roughly  spealdng, 
about  10,000  yards  of  filter  beds  could  be  put  down  which  woiild 
filter  6,000,000  gallons  a  day.  The  water  supply  of  Gloucester 
is  about  1^  miUion  gallons  a  day.  Perhaps  Mr.  Bead  will 
explain  why  50  feet  of  head  would  be  absorbed  by  an  oidinazy 
sand  filter  against  2  lb.  loss  of  pressure  in  the  Bell  filters  t 
Mr.  Bead  does  not  give  us  any  information  ae  to  the  cost  <d 
mechanical  filtration.  It  would  be  interesting  to  have  the  cost 
per  thousand  gallons  of  water  filtered.  It  is  very  unusual  in 
this  county  to  adopt  mechanical  filters,  and  if  it  can  be  shown 
that  they  are  efficient  as  well  as  economical,  we  should  like  to 
know  more  about  them.  I  should  like  to  know  whether  these 
mechanical  filters  are  used  the  whole  of  the  year,  and  the  cost 
during  the  winter  months  when  the  water  would  not  be  so  con- 
taminated, and  probably  would  require  less  filtration.  Mr.  Bead 
says  it  is  useful  to  add  sulphate  of  alumina  to  the  water.  I 
should  like  to  ask  whether  he  actually  uses  this  chemical,  and 
if  so,  during  what  months  of  tlie  year  nnd  in  what  quantities. 

Mr.  A,  J.  Dickinson  :  There  is  one  thing  in  Mr.  Read's 
paper  that  always  appeals  to  me,  that  is  the  reference  to  the 
intercepting  trap.  It  is  my  pet  aversion.  I  think  the  Local 
Government  Board  had  some  justification  for  putting  it  in  the 
model  by-laws  in  187V,  because  in  those  days,  and  even  in  the 
present  day,  there  are  many  rubble  sewers  which  are  practically 
elongated  cesspools,  and  in  such  cases  the  intercepting  trap  is 
required  to  cut  the  drain  off  from  the  sewer.  But  where  you 
have  a  properly  laid  self-cleansing  sewer,  and  no  sewer'^ias  can 
be  formed,  to  put  an  intercepting  trap  on  to  the  drain  is  a 
mistake,  as  it  impedes  the  fiow  of  the  sewage.  I  have  had  some 
thousands  put  in  during  the  last  ten  years,  and  I  should  be  veiy 
glad  if  in  the  next  ten  years  I  could  take  them  all  out.  I  don't 
think  an  inspection  chamber  is  sufficient.  In  Sheffield  we 
^ways  got  a  manhole  provided.  We  put  in  the  Windsor  ti^, 
witb  the  raking  arm,  and  I  have  seen  Uie  solid  excreta  coming 
np  to  the  manhole  cover.  The  intercepting  trap  is  only  a 
makeshift.  The  remedy  is  t.o  get  a  properly  laid  sewer  with 
self-cleansing  gradients. 
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iix.  T.  W.  A.  Bayward  :  I  should  like  to  join  with  iSx. 
Gotterell  in  expressing  thanks  for  the  historical  part  of  tho 
paper.  I  think  it  is  most  interesting  for  us  to  hare  these  par> 
ticolais  given  in  the  paper.  If  I  might  he  allowed  t  should 
also  like  to  say  that  we,  as  an  Association,  are  indebted  to  the 
technical  press  for  famishing  us  with  such  interestii^  partion- 
lars  of  the  places  we  visit.  I  think  Mr.  Bead  is  to  be  congratu- 
lated on  spending  2000^  on  the  installation  of  Deacon  water 
meters,  and  aa  a  result  practically  getting  his  water  supply 
doubled,  because  it  has  reduced  the  consumption  &om  32  gallons 
to  16  gallons  per  head  per  day.  Tliat  is  a  very  cheap  and  effec- 
tive method  of  increasing  the  supply,  and  one  which  naght  with 
advant^e  be  copied  in  some  other  places.  I  have  had  some 
experience  of  the  Deacon  water  meter,  and  can  testify  to  the 
good  results  obtained  when  it  is  properly  worked.  I  was  par- 
ticularly struck  by  what  has  been  done  in  Gloucester  in  refer- 
ence to  the  redrainage  of  the  3000  houses,  which  were  formerly 
connected' with  the  old  culverts.  If,  aa  Mr.  Scorgie  mentioned, 
the  cost  of  redraining  the  2000  houses  by  the  private  owners 
was  101.  each,  on  that  basis  the  expense  to  the  Corporation  of 
dealing  with  the  remaining  1000  connections,  would  be  10,0001. 
The  &Gt  that  there  was  an  immediate  drop  in  the  death  rate  of 
three  per  thousand  is  very  striking,  and  shows  that  the  10,000^ 
was  money  well  spent.  I  qnite  appreciate  the  interest  Mr.  Bead 
takes  in  the  question  of  the  intercepting  trap.  My  friend, 
Mr.  Cotterell,  called  my  attention  to  it  some  fifteen  or  sixteen 
years  ago,  when  he  asked  my  opinion  of  the  trap,  at  that  time 
I  thought  it  would  be  a  retrograde  step  to  abolish  intercepting 
traps.  When  we  coraider  the  merits  and  demerits  of  the  inter- 
oeptor,  we  should  know  something  of  the  state  of  the  sewers 
to  which  the  drains  are  connected.  If  the  sewerage  system  is 
inefficient,  I  agree  that  intercepting  traps  should  be  retained, 
but  with  a  system  of  seweis  properly  constructed  with  a  flow  of 
aew^e  which  permits  no  decomposition  in  the  sewers,  then  the 
weight  of  my  opinion  is  against  the  use  of  an  interceptor.  One 
should  look  upon  this  question  firom  the  broad  point  of  view, 
and  decide  according  to  the  circumstances  of  the  particular  case 
under  consideistion.  I  think  lb.  Bead  has  looked  after  the 
sewerage  question  in  Gloucester  very  thoroughly,  an  opinion 
which  is  confirmed  by  the  low  death  rate  of  the  city.  I  should 
like  to  ask  for  some  farther  particulars  as  to  the  free  tickets  for 
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tlie  batbs,  which  Mr.  Scoigie  was  so  interested  in.  I  don't 
know  whether  Mr.  Scorgie  recommends  the  distribution  of  free 
tickets  to  charitable  institutions  and  places  of  worship,  but  I  do 
consider  it  extraordinary  that  such  good  results  can  be  obtained 
from  a  IJrf,  rate.  In  Battersea  my  Council  hold  strong  views 
on  this  question.  I  went  the  other  day  with  a  friend^ — a  well- 
known  social  reformer — ^into  one  of  our  baths,  and  at  the  time 
of  our  visit  there  were  about  250  men  swimming.  An  adjoining 
bath  will  easily  accommodate  between  200  and  300  women.  &fy 
friend  was  strong  in  his  opinion  that  adequate  bathing  facilities 
-were  necessary  for  the  populace's  moral  well-being.  I  notice 
Mr.  Bache  says  that  during  a  certain  test  1^  lb.  to  2  lb.  of 
water  per  pound  of  refuse  burnt  was  obtained.  I  should  like  to 
know  what  the  average  results  have  been.  It  is  not  a  difficult 
matter  to  pet  at  the  time  of  testing  very  good  results  which, 
after  the  test  is  over,  the  men  who  have  to  tnanipulnte  tbe 
furnaces  fail  to  maintain.  I  must  say  the  refuse  and  clinker  I 
saw  this  afternoon  did  not  impress  me  very  favourably.  The 
-clinker  had  been  taken  out  of  the  furnace  too  soon,  and  was  not 
burnt  aa  thoroughly  as  desirable.  The  primary  function  of  a 
■destructor  is  to  destroy  every  particle  that  ia  capable  of  being 
-destroyed,  to  bum  refuse  so  as  to  get  as  much  steam  as  possible 
is  bad  in  practice  and  theory.  I  think  the  Gloucester  city 
■Council,  and  the  city  engineer  in  particular,  have  to  be  cougratu- 
lated  upon  the  stride  they  have  made  in  the  matter  of  refuse 
collection.  To  collect  it  three  times  a  week  in  a  place  like 
Oloucester  is  very  good  indeed.  I  agree  as  to  the  objectionable 
method  of  placing  refuse  receptacles  outside  the  houses.  There 
are  difficulties  in  the  way  of  adopting  a  general  system  of  night 
collection.  I  am  sure  the  latter  system  would  not  do  at  Batter- 
sea.  If  the  receptacles  were  placed  out  at  night  they  would 
have  goue  before  morning,  and  the  refuse  strewn  about  the 
streets.  In  some  cases  I  make  a  daily  collection,  and  in  other 
parts  of  the  district  the  refuse  is  collected  two  or  three  times  a 
week,  but  when  one  has  to  deal  with  150  or  200  tons  a  day,  it  is 
a  difficult  problem.  I  have  tried  to  get  residents  to  use  the 
■galvanised  dust-bins,  and  to  some  extent  have  been  successful. 
An  endeavour  should  be  made  to  impress  upon  the  residents  of 
towns  that  it  is  to  their  interests  aa  ratepayers,  as  well  as 
individual  householders,  to  help  tbe  municipal  officials  in  the 
collection  of  refuse. 
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Mr,  Q.  Bell  :  The  particular  thing  I  should  like  to  kiiow  at 
the  present  time  is  the  cost-  of  destroying  the  refuse — the  total 
cost,  if  it  could  be  got  at.  One  would  like  to  see  how  much  is 
debited  for  interest  and  sinking  fund,  for  all  labour,  including 
foremen's  w^es,  repairs,  and  indeed,  every  item  connected  wit£ 
the  disposal  of  the  refuse.  But  that,  apparently,  cannot  be  ob- 
tained Id  Gloucester,  because  it  is  mixed  up  with  the  electric 
lighting  andertaking  and  cannot  be  given  separately.  I  should 
like  to  say  widi  r^atd  to  the  lemoval  of  house-refuse  I  do  not 
^ree  with  the  removal  at  night.  It  would  be  very  objectionable 
in  many  ways.  I  have  observed  bow  the  refuse  is  put  out  at 
Edinburgh,  where  the  receptacles  are  kicked  over,  by  the  stu- 
dents principally,  and  the  paper  is  set  fire  to  in  the  streets.  It 
has  been  suggested  in  Swansea  that  we  should  have  collections 
at  night.  I  have  objected  to  it  in  committee  as  affording  oppor- 
tunities for  those  inclined  for  mischief,  and  have  also  pointed 
out  the  difBcnlties  with  respect  to  lock-up  shops  and  offices.  So 
fer  as  we  are  concerned  we  have  different  times  of  collection. 
Some  of  the  houses  have  a  daily  collection,  some  two  or  three 
times  a  week,  and  in  the  better  class  house  they  go  as  long  as 
a  week  or  a  fortnight.  Where  you  have  got  a  good  sized  ashpit, 
and  it  is  removed  from  the  house,  we  find  that  no  nuisance  is 
caused.  It  is  impossible  to  get  round  oftener  than  the  times 
named  to  18,000  or  20,000  houses  with  the  limited  stafiT  we  keep 
for  the  work.  With  r^ard  to  the  intercepting  trap,  it  does  not 
appear  to  be  quite  clear  whether  Mr.  Eead  has  the  courage  of 
his  opinions  to  leave  it  out  altagetber  or  not 

Mr.  C.  F.  Gettings  :  Like  the  President,  I  noticed  the  flush- 
ing arrangement  aC  the  hotel.  I  should  like  to  know  if  an  un- 
limited flush  is  adopted  all  over  the  town,  or  whether  a  two  or 
thi-ee  gallon  flush  is  generally  adopted.  If  the  flush  is  unlimited 
I  should  like  to  ask  Mr.  Bead  whether  he  considers  this  the 
most  economical.  With  regard  to  the  collection  of  refuse,  I  am 
sure  there  will  be  some  very  strong  objections  to  any  collection 
beii^  made  at  n^ht  in  a  seaside  and  residential  town  such  as  I 
represent.  Many  residents  in  the  suburbs  lock  their  gates  at 
night,  and  there  are  a  number  of  lock-up  shops  in  the  town,  so 
that  special  arrangements  would  have  to  be  made  in  either  case, 
deferring  to  the  destructor,  as  one  interested  in  considering  the 
question  of  putting  down  an  installation  at  the  present  time, 
and  seeing  that  we  have  Mr.  Bead  and  the  electrical  engineer 
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present,  I  should  like  to  ask  them  whether  they  would  oonstder 
it  advisable  for  the  local  authority  to  put  a  plant  down  them- 
selves and  work  it  independently,  or,  if  the  company  wonld 
undertake  to  put  down  a  plant,  whether  they  think  it  would  be 
advisable  to  have  a  Qxed  charge  for  disposing  of  the  refuse,  or  & 
scale  of  charges  at  per  ton  delivered  at  the  works. 

Mr.  Bead,  in  reply,  said :  I  beg  to  thank  you  for  the  v^ 
interesting  discussion  raised  on  the  paper.  The  President  and 
several  others  referred  to  the  Deacon  meter  system  for  detecting 
waste  of  water.  To  my  mind  it  does  not  matter  what  amount  of 
water  you  give  people,  they  will  ask  for  more  and  waste  it,  unless 
you  exercise  some  control  over  thenL  The  Deacon  meter  system 
gives  you  almost  absolute  control — just  as  much  control  as  if 
you  had  a  meter  on  every  house  service  in  the  town.  Some 
years  ago  I  caused  a  meter  to  be  fixed  at  a  court  with  ten  houses, 
where  flie  residents  drew  their  water  from  two  taps  in  the  yard, 
and  the  result  of  a  twelve  months'  trial  was  that  they  used  an 
average  of  43  gallons  per  head  per  diem — and  they  were  not 
particularly  clean  people  either.  I,  also,  about  the  same  time 
put  a  meter  on  a  new  cottage  where  there  Uved  a  man,  hia  wife, 
and  four  children,  who  did  not  know  they  were  being  supplied 
by  meter — they  did  their  own  washing  at  home  and  were  very 
oleui  people — and  the  result  of  the  investigation  was  that  their 
average  consumption  of  water  per  day  was  7  gallons  per  head. 
The  Deacon  meter  system  has  this  advantage,  that  you  only 
trouble  those  people  who  waste  the  water,  you  have  not  to 
go  to  houses  where  there  is  no  waste.  The  night  inspector 
reports  there  was  a  waste  at  a  certain  house,  and  the  day 
inspector  searches  until  he  discovers  the  leak  or  the  cause  of  the 
waste  of  water  at  that  house  on  the  previous  n^t.  In  that 
way  you  can  keep  the  waste  of  water  within  very  narrow  limits. 
At  the  present  time,  the  consumption  of  water  does  not  exceed 
22  gallons  per  head  per  day  in  this  city,  notwitstanding  tiie  fact 
that  a  constant  service  is  given  and  that  the  water  is  used  frar 
the  flushing  of  the  w.c's,  and  almost  every  house  withont 
exception  in  the  city  has  a  flushing-box,  which  allows  a  S-gallmt 
flush.  The  water  supply  to  the  hotels  is  by  meter.  They  are 
not  restricted  to  a  3-^llon  or  any  other  flush,  because  Uiey 
have  to  pay  by  meter.  In  regard  to  the  collection  of  houae- 
refuse,  Mr.  Earpur  asked  for  an  explanation  of  the  difficulty 
about  the  boxes.    Some  people  were  in  the  habit  of  storing  their 
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refuse  to  the  day  nearest  to  the  end  of  the  week,  and  in  order  t^i  do 
that  they  proTided  a  box  larger  than  the  men  can  properly  lift 
into  the  cart,  and  we  have  had  one  or  two  men  ruptured.  The 
remedy  for  that  is  to  have  the  big  boxes  emptied  by  the  ashmen 
into  the  road  and  the  refuse  shovelled  into  the  carts,  but  that 
procedure  causes  delay  which  is  undesirable.  Then  any  sort  of 
box  is  considered  fit  for  refuse — old  orange  and  starch  boxes  — 
and  they  soon  get  knocked  to  pieces.  Then  they  are  also  over- 
hauled by  dogs  and  by  people  who  are  searching  for  valuables. 
The  proposed  remedy  of  putting  the  refuse  out  at  night  is,  I  fear, 
worse  than  the  disease.  We  have  great  difficulty  now  in 
preventing  boys  upsetting  the  boxes  which  are  placed  in  the 
streets  in  the  morning,  and  I  fear  the  difficulty  would  be  much 
worse  by  night.  With  r^;ard  to  the  house  connections  made 
with  the  new  sewers,  it  took  me  from  1878  to  1885  to  get  those 
2000  houses  connected  to  the  sewers.  It  was  very  hard  work, 
and  it  had  to  be  done  by  persuasion.  It  was  only  by  eloquence, 
persuasion,  and  constant  worrying  that  it  was  possible  to  get  aa 
much  done  as  we  did.  The  1000  owners,  who  stood  out  and  did 
nothing,  got  it  done  at  the  cost  of  the  town.  When  the  work 
was  done  it  was  a  very  great  advantage  to  the  city  as  a  whole 
from  the  health  point  of  view.  I  believe  under  the  Public 
Health  Act,  we  were  really  liable  to  do  the  whole  of  the  work. 
Then  aa  to  the  &ee  tickets  for  tiie  baths.  The  numbers  given 
are  the  total  number  of  tickets  issued  in  the  year  for  all  the 
baths.  The  free  tickets  are  given  away  to  the  elementary 
Bcbool  children,  and  they  are  distributed  by  the  teachers.  Wilii 
r^ard  to  the  Newent  waterworks,  that  scheme  was  adopted  after 
investigating  some  ten  schemes  mostly  in  the  neighbourhood  of 
Witcombe.  We  naturally  started  with  the  idea  of  keeping  the 
works  in  the  neighbourhood  of  the  original  Witcombe  works, 
but  none  of  the  schemes  were  sufficiently  reliable,  and  we  went 
westward.  An  attempt  had  been  made  to  find  coal  near  Newent, 
where  the  landowners  sank  a  shaft  and  got  I^  million  gallons 
of  water  a  day,  and  two  or  three  loads  of  coal.  This  determined 
us  to  fix  upon  Newent  for  our  supplementary  work.  We  sank 
a  bore-hole  between  two  faults  running  north  and  south.  The 
eastern  fault  bad  the  marl  on  the  surface  on  the  east  side  of  it, 
the  new  red  sandstone  was  on  the  surface  between  the  two 
-  faults,  and  the  western  fault  had  the  old  red  sandstone  on.  the 
surface  on  the  west.     The  borings  are  1200  feet  deep,  placed 
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midvay  between  the  fanlta,  and  the  water  comes  cbieHj  firom 
the  conglomente  beds  which  are  shown  in  the  section.  The 
boring  went  through  the  Keiiper  beds  of  the  new  red  sandstone, 
but  did  not  entirely  pierce  the  Bunter  beds.  The  headings 
were  driven  along  a  thick  bed  of  conglomerate,  one  to  the  west 
and  one  te  the  north.  The  headings  cost  about  51.  per  foot. 
Mr.  Scorgie  asks  why  we  use  Chepstow  stone  for  private  street 
works  and  for  making  new  etreeta.  We  use  it  because  it  reduces 
the  first  cost  of  making  up  streets.  To  my  mind,  for  the  first 
coating  of  a  road  you  can  do  with  a  cheaper  stone  than  yoa  use 
afterwards  in  repairing  the  road.  It. gives  the  road  time  to 
consolidate.  As  these  roada  are  not  main  roads,  where  the 
traffic  is  great,  I  think  the  procedure  is  the  correct  one  from  all 
points  of  view.  1^  tunnel  at  Witcombe  proposed  by  Mr.  Bate- 
maa  was  the  first  proposal  for  enlarging  the  water  supply,  and 
the  result  of  the  borings  which  I  made  along  the  line  of  the 
proposed  tunnel  was  not  satisfactory.  The  Mitford  sands  at 
the  base  of  the  inferior  oolite,  which  Mr.  Bateman  wanted  to 
top,  proved  80  thin  that  although  there  was  water  in  them,  it 
would  not  have  paid  for  making  the  tunneL  We  tl^onght  it 
rather  too  risky  a  scheme  to  start  upon.  There  were  I^al 
objections  as  well.  We  were  trying  to  bring  water  flowing 
towards  the  Thames  watershed  back  into  the  Severn  watershed, 
uid  for  that  reason  the  Local  Government  Board  would  not  have 
sanctioned  th^  scheme.  Mr.  Cotterill  has  mentioned  that  Mr. 
Haynes  at  Newport  is  using  sulphate  of  copper  to  kill  weeds  in 
the  reservoir.  I  saw  in  the  American  Enffineer  that  it  was 
being  used  in  America  for  killing  weeds.  I  consulted  our  city 
analyst  on  the  point,  and  he  was  of  opinion  that  it  would  be  a 
very  risky  thing  to  entrust  to  au  ordinary  workman,  as  he  might 
kill  off  all  the  fish  and  give  an  overdose  of  copper,  which  would 
not  be  desirable  to  the  inhabitants  of  the  city.  I  understand  it 
has  been  used  in  America,  but  we  have  to  take  American  state- 
ments with  several  grains  of  salt.  The  intercepting  trap  I  have 
always  objected  to.  I  think  it  is  wrong  in  principle  and  does 
not  do  what  is  claimed  for  it.  The  idea  witli  which  it  was 
invented  and  with  which  it  was  adopted  by  the  Local  Govern- 
ment Board  in  their  model  by-laws  was  that  it  cut  off  the  sewer 
gas  from  the  house.  It  can  do  nothing  of  the  kind.  On  the 
contrary,  it  simply  provides  an  obstruction  which  paralyses  tho 
whole  action  of  the  drain,  and  sets  up  a  septic  action  in  the 
Aewage   which  has  to  go  through  it   to  the  sewer,  and  the 
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anfortiinate  borotigh  engineer  has  to  hunt  a  ghost  in  the  form  of 
a  amell,  the  caose  of  which  he  cannot  remove.  Whatever  the 
gradient  of  the  drain,  the  sewage  dribbles  in  at  one  end  of  the 
trap  and  out  at  the  other,  and  leaves  the  solids  and  paper 
behind.  With  reference  to  the  contention  that  the  intercepting 
trap  prevents  sever  gas  entering  a  house,  how  can  the  gas  get 
into  a  house  unless  ^e  drain  is  defective  T  and,  if  the  drain  is 
defective  how  can  the  presence  of  an  intercepting  trap  cure  it  ? 
There  is  sufficient  gas  in  the  drain  itself  to  poison  the  whole  of 
the  people  in  the  house.  If  the  drain  is  souod,  it  doesn't  matter 
what  you  put  in  it :  yon  may  put  a  fan  in  it  and  blow  sewer 
gas  through  it,  but  it  wiU  not  go  into  the  house.  If  the 
drain  is  unsound,  the  intercepting  trap  will  not  and  cannot 
protect  the  house  in  any  way.  Yon  may  have  any  number  of 
definitions  of  what  is  a  drain  and  what  is  a  sewer,  but  drains 
and  sewers  are  all  parts  of  one  system,  which  are  mutually 
dependent  on  one  another,  and  cannot  be  separated  by  any  legal 
definition  whatever.  A  question  has  been  raised  as  to  the  cost 
per  head  of  the  infectious  hospital.  We  bought  a  large  amount 
of  land,  about  30  acres,  and  the  hospital  was  designed  by  two 
local  architects.  The  foundations  and  the  levelling  of  the 
ground  were  very  expensive.  Those  two  points — the  land  and 
the  foundations — are  the  causes  of  the  excessive  coat  per  bed. 

Mr.  Bache,  in  reply,  said:  All  the  speakers  to-day  have 
dealt  with  the  refuse  destructor  except  Mr.  Scorgie,  who  asked 
some  questions  about  street  lighting.  I  had  a  discussion  with 
him  this  morning  on  that  matter.  I  think  Mr.  Scorgie  is 
attacking  the  problem  from  the  wrong  end.  He  asks  if  there 
would  have  been  as  many  arc  lamps  installed  if  the  electricity 
works  had  been  in  the  hands  of  a  company.  My  reply  is  that 
no  undue  favour  was  shown  to  the  electricity  department.  The 
question  of  installing  arc  lamps  was  discussed  by  the  committee 
for  many  months,  and  very  full  and  careful  inquiries  were  made 
before  it  was  finally  decided  to  place  the  work  in  the  hands  of 
the  electricity  committee.  Mr.  Scoi^e  asks  for  the  rate  per 
unit  for  public  and  private  lighting.  The  price  charged  for  the 
arc  lamps  is  based  on  a  rate  of  1^.  per  unit.  This  covers  not 
only  works  costs  but  interest  on  captal  and  depreciation  of  the 
plant  required  at  the  works  for  the  arc-lighting.  The  average 
price  received  for  private  lighting  is  3  •  6d.  per  unit.  Mr,  Scorgie 
also  asks  if  the  5-ampere  lamps  are  nob  too  small.  Ido  not  think 
they  are.     They  are  only  used  for  outlying  districts,  and,  placed 

T  2 


270  MDNICIPAL  AND  ELECTBICITT  WOEKS,   GLOUCESTER. 

8t  a  distance  of  70  yards  apart,  they  give  a  very  good  light  for 
those  districts.  The  height  of  the  arc  is  18  feet,  which  is  the 
same  as  the  height  of  the  7-ampere  and  10-ampere  arcs.  As  to 
the  satisfactory  huming  of  these  S-ampere  lamps,  they  leave 
nothing  to  he  desired.  Had  Mr.  Scorgie  asked  the  same  question 
two  years  ago,  I  do  not  think  I  could  hfive  given  the  same  answer. 
Mr.  Scorgie  argues  that  a  good  light  cannot  be  necessary  for  the 
safe  condnTTt  of  tramway  trafBc,  otherwise  it  would  be  impossihie 
to  run  cats  outside  the  city  where  there  is  no  lighting  of  any  kind. 
It  may  not  be  absolutely  necessary  to  light  the  roads  well,  hut  it 
is  cwtainly  advisable  where  there  is  fast  and  heavy  traffic,  to  pro- 
vide adequate  illumination,  and  if  the  rural  authority  do  not 
fulfil  their  duty  in  that  respect,  that  is  no  reason  why  the  city 
should  not  carry  out  what  they  consider  a  suitable  scheme  of 
lighting  within  their  own  boundary.  I  cannot  give  the  total 
cost  of  destroying  the  refuse,  as  many  of  the  items  do  not  come 
under  my  department,  but  I  may  say  that,  in  addition  to  the 
coat  of  the  labour  for  burning  the  refuse,  the  electricity  com- 
mittee make  a  small  weekly  charge  for  supervision.  This  charge 
varies,  but  ia  about  11.  weekly.  Mr.  Hayward  asked  for  the 
evaporation,  other  than  on  tests.  We  obtain  0 '  8  to  1  lb.  of 
water  per  Ih.  of  refuse.  The  quality  of  the  clinker  is  not  aa 
h^h  as  in  some  towns,  but  we  have  to  deal  with  a  large  propor- 
tion of  paper,  green  stuff  and  other  material  of  low  oilorific 
value,  and  this  tends  to  prevent  the  formation  of  a  good  clinker. 
Mr.  Read  finds  the  quality  quite  good  enough  for  his  purpose, 
and  therefore  we  leave  well  alone. 

Before  the  disffustian  the  Pretident  and  MemJ)ers  proceeded 
in  special  cars  to  the  Worke  of  the  GUmeeater  Saitvtay  Carriaff« 
and  Wagon  Ctmipany.  On  arrival  they  were  received  bt/  Mr.  S. 
Vattar  Smith,  Chairman,  Mr.  J.  W.  Howard,  OeneriU  Manager, 
Mr.  A.  K  Allen,  Chief  Aisistant,  and  othffr  members  of  the  staff, 
and  were  conducted  over  the  extensive  Works  of  the  Company,  all  the 
departments  being  thrown  open  for  inspection.  Visits  vers  alto 
■made  to  the  Corporation  depot  in  Stroud  Road,  the  Light  RaUway 
Car  Depot  in  Bristol  Rood,  the  Electric  Light  and  Power  Gener~ 
aiing  station,  and  the  Heenan  and  Fnmde  Twin  CeUdust  destructor. 

The  Mayor  entertained  the  President  and  Members  to  tea  ai 
the  Guildhail. 

The  Mevihers  dined  together  at  the  Bell  Hotel. 
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ANNUAL    MEETING   IN   NORWICH. 

Jane  23,  23  and  24, 1906. 


THE  PRESIDENT'S  ADDRESS. 

Bv  A.  X  COLLINS,  M.  Inst.  C.K 

Gentlbhen, — I  am  greatly  gratiBed  that  the  ancieot  City  of 
Norwich,  which  I  serve,  has  beea  honoured  by  your  choice  of 
place  for  the  Annual  Meeting,  and  I  feel  extremely  proud  at 
my  election  as  your  President.  My  own  connection  with 
municipal  engineering  is  co-equal  with  the  life  of  this  Association. 
In  my  third  of  a  century  of  service,  I  have  seen  great  changes  in 
public  work.  The  growing  town  in  which  I  served  my  articles 
had  a  population  of  some  60,000,  yet  the  professional  work  of 
the  borough  engineer's  office  was  done  by  the  borough  engineer 
and  three  pupils,  there  being  no  paid  assistants.  Probably  this 
is  representative  of  the  small  volume  of  work  passing  through 
most  municipal  offices  in  those  days— quiet  days  never  likely  to 
recur  for  municipal  engineers.  Since  that  time  constant  addi- 
tions  to  the  statutes  we  have  to  administer,  the  gradual  abolition 
of  the  contractor,  and  the  continuously  growing  demands  by  the 
public  for  greater  convenience,  healthiness,  and  beauty  in  conseo- 
tion  with  aU  public  works,  have  enormoody  increased  our  duties, 
and  to-day  their  volume  and  variety  are  so  great  that  a  growing 
town  of  60,000  inhabitants,  to  ensure  the  proper  prosecution  of 
its  public  works,  most  provide  its  engineer  with  a  considerable 
and  varied  expert  staff.  Our  work  is  of  such  a  wearing,  anxiooa, 
and  absorbing  character,  that,  more  than  any  class  of  officers,  we 
should  be  relieved  by  the  public  we  serve  from  as  much  anxiety 
as  possible,  and  it  is  for  the  public  advantage  at  least  as  much 


Dig-izedbyGOOgk- 


278  TDK  PBESIDENT'S  ADDBiilBS. 

as  ooT  own  that  auch  should  be  the  case.  Borough  and  conntv 
eDgineera,  and  eDgiceeta  holding  similar  appointments  under 
local  authorities  generally,  whom  I  will  hereafter  describe  under 
the  collective  term  "municipal  engineers,"  are  more  liable 
to  earn  dislike  in  properly  CEirrying  out  their  duties  than  any 
othw  officers  of  such  authorities,  and  esses  often  occur  where 
antagonisms  created  by  the  performance  of  duty  have  caused  the 
driving  from  ofGce  of  some  of  the  best  members  of  our  profession. 
A  man  whose  position  is  endangered  by  enmities  caused  by  the 
proper  performance  of  work  and  duties  is  not  so  free  to  serve  the 
public  properly  as  if  he  were  efficiently  protected.  The  absorp* 
tion  and  anxiety  attached  to  our  work,  and  the  inadequate  salaries 
usually  paid,  prevent  ua  from  making  such  provision  for  the 
future,  as  men  relatively  as  succeBafiil  in  ordinary  walks  of  life 
as  we  are  in  our  own  can  do.  I  doubt  whether  any  other  pro- 
fession or  business  exists  where  the  amount  of  study  and  work  of 
preparation  and  constant  daily  aniciety  are  so  great  relatively  to 
incomes  earned  as  in  our  own.  I  do  not  remember  a  single  case 
of  one  of  OUT  profession  accumulating  an  ample  competence  from 
its  practice.  The  greatest  of  prizes  in  it  are  small  compared  with 
those  of  other  employments  demanding  anything  approaching  the 
same  contlnuoua,  anxious,  and  responsible  labour. 

The  Local  Government  Board,  the  central  authority  to  which 
so  much  of  our  work  is  subject,  have  not  given  the  position  of 
municipal  engineers  the  consideration  it  requires  and  deserves. 
It  appears,  in  fact,  tiiat  we  are  purposely  placed  in  en  un&ir 
positi<Hi  by  the  Board  whenever  it  is  posaible  to  do  so.  For 
instance,  the  consents  of  the  Board  to  local  authorities  to 
raise  loans  for  works  designed  and  carried  out  by  municipal 
engineers  have  been  given  conditionally  upon  these  engineers 
receiving  no  payment  from  the  loans;  but  at  the  same  time 
payments  hare  been  authorised  to  clerks  to  local  anthorities, 
whose  work  relative  to  the  matters  in  question  is  not  a  tithe  of 
that  of  the  engineer's.  Further,  it  is  not  prohibited  to  make 
payments  from  loans  to  engineers  in  private  practice. 

Municipal  engineering  is  a  living,  growing  profession,  having 
to  do  consequently  with  ever-changing  practice.  For  a  municipal 
engineer  to  keep  pace  with  hia  profesaion,  and  to  give  the  best 
service  to  his  authority,  he  must  constantly  inspect  and  study 
the  newest  developments,  and  our  Association  arranges  visits  of 
inspection  to  municipal  works  of  all  sorts  to  aid  its  Members 
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in  this ;  yet  the  Local  Government  Board  requires  its  auditors 
to  surchfu^  paymmts  by  local  authorities  of  expenses  to  our 
Members  in  attendiug  our  meetings.  This  action  of  the  Board, 
more  than  anything  else  within  my  knowledge,  shows  the 
necessity  for  it  to  make  the  most  careful  and  searching  survey 
of  its  position  relatively  to  municipal  engineers.  It  is  necessary 
to  local  authorities  for  their  engineers  to  have  the  fullest  know- 
ledge of  the  progress  of  municipal  engineering;  at  the  same 
time  it  is  unfair  and  unjust  for  their  engineers,  mostly  an 
underpaid  class,  to  be  out  of  pocket  in  obtaining  such  knowle^ 
for  the  benefit  of  their  authorities.  Again,'  the  Local  Govern- 
ment Board,  when  appointing  inspecting  engineers,  whose  chief 
duties  are  to  hold  inquiries  and  report  on  work  done  by  municipal 
engineers,  should  endeavour  to  till  vacandes  from  the  ranks  of 
the  municipal  engineers ;  it  ie  rarely,  however,  that  such  is  done. 
I  believe  it  would  be  to  the  advantage  of  the  public  generally  if 
municipal  engineers  of  ability  and  experifflce  were  appointed  to 
such  positions,  and  if  they  could  look  forward  to  occupying  such 
positions  as  the  reward  of  good  service.  The  Local  Government 
Board  could  greatly  help  local  authorities,  the  public,  and  muni- 
cipal engineers  by  obtaining  authority  from  Parliament  for  and 
requiring  that  none  of  our  appointments  be  held  by  other  than 
competent,  properly  paid  men,  and  by  protecting  such  men  when 
appointed  firom  improper  dismissal.  Further,  the  Local  Govern- 
ment Board  should  itself  promote  legislation  ensuring  super- 
annuation to  engineers,  town  clerks,  and  other  officials  of  local 
authorities  now  omitted  from  superannuation  schemes.  This 
is  already  the  case  with  Poor  Law  and  Asylum  officers  and  the 
police. 

The  Association  of  Municipal  and  County  Engineers  have 
done  great  preparatory  work  toward  enabling  the  Local  Govern- 
ment Board  to  insist  on  none  but  competent  persons  being 
appointed  as  municipal  engineers.  During  the  whole  of  its 
existence  the  collection  and  dissemination  of  knowledge  necessary 
to  the  efficient  performance  of  duty  bos  been  almost  its  sole  aim, 
and  in  consequence  the  professional  capacity  of  municipal  en- 
gineers has  vastly  increased.  Even  I  am  able  to  remember  the 
case  of  a  man  who  was  borough  surveyor  of  a  town  of  over 
100,000  inhabitants  who  did  not  know  how  a  sewer  manhole 
should  be  built,  and  had  to  send  outside  his  own  office  for  a 
design.    To-day  any  one.of  us.  is  expected  to  de^gn  and  c^rry 
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out  work  of  the  most  iotricate  and  complicated  diaracter,  and  in 
the  great  majority  of  cases  we  do  it,  and  do  it  well.  Again, 
as  assisting  local  antborities  in  oooneotioD  witJi  municipal 
eugineerii^;  appointments,  tlie  Association  has  for  many  years 
condncted  examinations  to  ascertain  the  suitability  of  candidates 
for  snch  appointments,  and,  before  permitting  a  candidate  to  sit 
at  an  examination,  it  makes  full  inquiries  to  insure  that  his 
education,  training,  and  experience  are  such  as  will  be  likely  to  fit 
him  for  his  profession.  The  preliminary  investigations  and  the 
examinations  themselves  are  so  carefully  and  thoroughly  per- 
formed, that  the  risk  of  an  unqualified  man  receiving  our  certif- 
cate  is  reduced  to  a  minimum.  Without  going  further  into  detaQ 
as  to  the  manner  in  which  the  Aasooiation  has  done  its  utmost 
to  enable  it  to  be  known  who  are  competent,  I  think  I  have 
said  enough  to  show  tiiat  we  have  done  our  part  in  paving  tiie 
way  for  the  Local  Government  Board  to  assist  public  aathorides 
and  ourselves  in  appointiug  and  retaining  efficient  engineers.  To 
obtain  the  advant^es  which  we  are  entitled  and  justified  in 
expecting,  each  individual  of  us  must  use  his  influence  wherever 
and  in  whatever  direction  he  can  exercise  it.  We  must  educate 
the  members  of  the  authorities  we  serve,  tbe  public,  and  las^ 
but  not  least,  members  of  the  Legislature  with  whom  we  come 
into  contact,  with  respect  to  the  benefits  to  the  public  and  the 
fairness  and  justice  to  municipal  engineers  and  the  officials  of 
local  authorities  arising  from  granting  what  is  asked. 

One  of  the  most  important  matters  for  our  discussion  at  this 
meeting  is  that  of  New  Streets  and  Buildings  By-Laws,  a  subject 
which  has  for  a  long  period  been  under  the  very  serious  attentitm 
of  your  Council,  aided  by  the  able  and  painstaking  siib-committ«0 
appointed  to  consider  and  report  thereon.  Whilst  I  will  not 
anticipate  the  paper  and  discussion  on  this  subject,  I  desire  to 
express  the  hope  that  as  the  result  thereof  we  may  greatly 
help  toward  showing  how  pleasant,  comfortable,  sanitary,  safe, 
and  durable  houses  may  be  erected  at  less  cost  than  is  possible 
undw  the  by-laws  now  generally  in  force.  I  will  only  add, 
in  this  matter,  that  excessive  fear  of  fire  is,  in  my  opinion, 
responsible  for  some  of  the  present  troubles. 

In  concluding,  t  desire  to  express  the  hope  that  this  meetii^ 
in  Norwich  will  be  remembered  hereafter  as  a  most  valuable 
and  enjoyable  one,  and  that  during  my  year  of  office  I  may  be 
aUe  to  help  in  tbe  progress  of  our  Association.   . 
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SUGGESTED  AMENDMENTS  TO  THE  MODEL 
BUILDING  BY-LAWS  FOR  NEW  STREETS 
AND  BUILDINGS. 

Bt  albert  D.  GEEATOREX,  Assoc.  M.  Inst.  C.E.,  Boeouqh 
Engihixe  ahd  Sustetoh,  West  BBOMvncH. 

At  the  reqneat  of  the  President,  and  in  order  to  give  the 
Members  an  opportuaity  of  didcusaing  some  of  the  soggested 
Ameadments  to  the  Local  GoTenunent  Board's  Model  Code  of 
BnildlDg  Bj-lavB,  the  Author  has  prepared  the  following  few 
notes,  in  the  hope  of  elidting  an  expression  of  opinion  on  the 
subject  generally,  tuid  thos  obtaining  the  riews  of  the  Members 
of  this  Association,  who,  after  all,  are  the  officers  apon  whom 
devolves  the  duty  of  carrying  out  the  Acts  of  Parliament  and 
By-laws  made  under  the  provisions  contained  therein,  relating 
to  New  Streets  and  Buildings  in  most  of  the  non-metropolitan 
distiicts. 

For  the  past  eighteen  months  a  Special  Committee  appointed 
by  the  Council  has  been  considering  this  important  subject.  As 
a  result  of  their  labours  a  report  was  submitted,  together  with 
certain  amendments  and  suggeationB,  to  the  Local  Government 
Board's  Coda  This  report  was  considered  and  approved  at  a 
Special  Meeting  of  the  Council,  and  has  been  submitted  to  the 
Board,  who  are  giving  the  subject  their  attention,  and  it  is  to  be 
hoped  that  the  labours  of  the  Committee  will  not  have  been  in 
vain. 

The  Author  having  carried  out  the  duties  of  Hon.  Secretary, 
it  naturally  follows  that  many  of  the  su^estions  contained  in 
this  paper  are  the  opinions  of  the  Committee,  and  in  placing 
them  before  the  Members  he  does  so  with  the  sanction  of  his 
colleagues. 

At  the  First  Annual  Meeting  of  this  Association,  held  in 
Birmingham  in  May  1S74,  under  the  Presidency  of  our  esteemed 
Fast  Pnsident,  Mr.  Lewis  Angell,  M.Li8t.C.E.,  a  paper  was  read 
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by  Mr.  J.  Lemon,  M.Itist.G.£.,  the  then  Boiongh  Smreyor  of 
Southampton,  entitled :  "  Building  and  Sanitary  By-lavs "  (see 
ToL  i  p.  39, '  Minutes  of  Proceedings '). 

In  the  discussion  following  this  paper  it  was  snggested  that 
the  by-laws  should  be  swept  away  and  a  universal  Building  Act 
adopted.  In  the  opinion  of  many  this  would  be  the  proper 
course  to  purene  to-day. 

The  following  papers  have  also  been  contributed  on  this 
subject : — 

Paper  by  Mr.  E.  B.  EUice-Clark,  M.In8t.C.E,,  entitled :  "  The 
Supervision  of  Private  Building  by  Public  Authority,"  read  at  a 
District  Meeting  held  at  Brighton,  March  15,  1884  (see  voL  x. 
p.  83, '  Minutes  of  Proceedings '). 

Paper  by  Mr.  F.  C.  Cook,  Surveyor  to  the  Urban  Dis- 
trict ConQcil  of  Hinckley,  entitled :  "  The  Position  of  Local 
Authorities  in  r^ard  to  Building  By-laws,"  read  at  a  District 
meeting  held  at  Birmingham,  April  5,  1902  (see  voL  xxviiL 
p.  141, '  Minut«s  of  Proceedings '). 

At  this  meeting  the  following  resolution  was  nnanimously 
adopted,  namely :  "  That  the  Council  of  the  Association  be 
requested  to  take  into  consideration  the  existing  unsatisfactory 
condition  with  respect  to  the  making  and  administration  of  By- 
laws relating  to  New  Streets  and  Buildings,  with  a  view  to 
representation  being  made  to  the  Local  Government  Board 
thereon." 

This  resolution  was  the  forerunner  of  the  Special  Committee 
already  referred  to. 

At  the  Sanitary  Institute  Congress  in  Birmingham  in  Sep- 
tember 1898,  Mr.  J.  S.  Pickering,  A.MInst.C.E.,  read  a  paper 
entitled  "  By-laws  relating  to  New  Streets  and  Buildings  "  (see 
voL  XX.  p,  67,  '  Journal  of  the  Sanitary  Institute '),  and  Mr. 
H.  D.  Searles-Wood,  F.RI.B.A.,  read  a  paper  at  a  meeting  of 
the  Sanitary  Institute,  held  March  22,  1905,  entitled  "Notes on 
Minimum  Sanitary  Bequiremeats  for  Building  By-laws." 

Two  papers  have  recently  been  read  at  the  Surveyors'  Insti- 
tution, and  in  the  discussion  that  followed,  several  speakers 
made  suggestions  that  there  should  be  uniform  by-laws  tbrou^- 
oat  the  country,  and  a  tribunal  of  appeal. 

Mr.  A.  Macmorran,  K.C.,  suggested : — 
1.  That  the  whole  code  of  by-laws  ought  to  be  revised  by 
experts. 
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2.  That  tbe  power  of  making  by-laws  sliould  be  restricted  to 
matters  specially  affecting  localities. 

3.  That  ia  so  far  as  there  was  diacretion  to  dispense  with 
by-laws  that  might  be  applicable  to  local  authoritiea,  that  dis- 
cretion should  be  the  subject  of  appeal  to  a  competent  and 
expert  tribunal, 

'  Mr.  B.  M.  Chart,  in  the  same  discussion,  gave  the  six  points 
that  could,  in  his  opinion,  be  dealt  with  in  the  public  statute  aa 
follows : — 

1.  Tbe  laying  out,  and  making  and  draining  of  new  streets. 

2.  The  sufficiency  of  space  about  buildings  to  secure  a  free 
circulation  of  air. 

3.  The  provision  of  foundations  and  damp  course,  and  the 
concreting  of  sites,  and  eavds  and  gutters  necessaiy  to  secure 
the  premises  gainst  damp. 

4.  Provision  fhr  proper  sanitary  conveniences  and  drainage. 

5.  Provision  for  sufBeient  windows,  and  their  being  made  to 
open. 

6.  A  minimum  height  of  living  and  sleeping  rooms. 

And  suggested  that  special  by-laws  should  be  made  witlt 
regard  to  other  matters  applicable  to  urban  districts,  consisting 
of  a  specified  density  of  population. 

Mr.  William  Henman,  F.II.I.B.A.,  of  Birmingham,  in  a 
series  of  articles  in  the  '  British  Architect,'  enggests  that  the 
by-laws  should  be  drawn  so  as  to  provide  that  certain  things, 
veil  ascertained  to  be  detrimental  to  safety  or  health,  shall  not 
be  done,  and  said  ;  that  the  principle  on  which  building  by-laws 
have  been  drawn  up  is  wrong,  because  they  generally  dictate 
vhat  is  to  be  done  before  actual  requirements  have  been  ascer- 
tained ;  and  suggested  that  the  proper  principle  wonld  be,  first, 
to  decide  what,  in  matters  connected  with  buildings,  is  proved 
to  be  detrimental  to  safety  and  health,  and  then  to  define  what 
shall  not  be  done. 

The  Council  of  the  Boyal  Institute  of  British  Architects 
appointed,  in  18V9,  a  Special  Committee  to  report  on  building 
by-laws  in  non-metropolitan  districts.  This  report  was  duly 
submitted  by  the  Committee  and  recommended  by  the  Council 
to  a  meeting  of  the  Institute  held  June  12,  1899,  and  adopted. 
(See  'Journal  of  the  Royal  Institute  of  British  Architects,' 
vol.  vi  3rd  series.  No.  15,  p.  449.) 

In  this  report  the  Committee. state  that  the  by-laws  of  tnany 
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districts  vary  in  Beverel  particulars  firom  the  model  by-laws,  and 
from  one  another ;  this  vant  of  nniformity  in  districts  closely 
adjacent  causes  inconvenience  and  irritation  to  huilding  pro- 
prietors as  well  as  to  architects.  The  report  also  states  that  the 
enforcements  of  unneceesary  regulations  in  respect  of  matters  in 
which  the  public  has  no  practical  interest,  seems  to  the  Com- 
mittee an  improper  interference  with  the  liberty  of  tlie  sabject 

It  gives  useless  troable  to  local  authtnities. 

It  multiplies,  undesirably,  officials  to  be  paid  out  of  the 
rates. 

It  adds  unreasonably  to  the  cost  of  building. 

It  promotes  monotony  in  design,  stultifies  invention,  and 
prevents  improvement.  It  occasionally  stops  building;  more 
particularly  it  discourages  the  erection  of  cott^es  tar  the 
labouring  classes  by  landed  proprietors  on  their  country  estates. 

The  committee  recognised  the  necessity  of  sach  building 
by-laws  as  are  proved  to  be  essential  to  the  safety  of  the  heolUi 
of  Uie  public,  and  desire  that  the  by-laws  relating  to  the  same 
sabjeot  should,  as  far  as  practicable,  be  alike  throughout  the 
country ;  they  suggested  that  the  model  by-laws  should  be 
grouped  in  divisions  as  detailed  in  the  report,  in  order  that 
buildings  in  rural  localities  may  be  relieved  from  those  divisions 
which  appear  inapplicable  in  such  places,  and,  in  an  appendix 
tbey  give  the  amendments  which  appeared  to  them  needed 


The  divisions  they  suggested  are  as  follows : — 

A.  Definition  of  terms,  and  exempted  buildings  (model  by- 
laws 1  and  2). 

B.  New  streets  (3-8). 

C.  Space  about  buildings  and  area  of  windows  (53-58). 
2).  Structure  of  party  walls  (26-32). 

E.  Structure  of  w^s,  foundations,  roo&,  and  chimneys 
(11-23,  33,  34,  36-52). 

F.  Sanitation,  preparation  of  site  and  draini^  (9,  10, 17, 
52a.  60-89). 

In  rural  districts  the  committee  considered  that  A,  D,  and  f 
would  suffice.  It  might  be  desirable  to  add  B,  in  the  case  of 
any  part  of  a  rural  district  likely  to  become  urban,  possibly 
B  might  be  added,  to  apply  only  to  large  public  buildings, 
warehouses,  and  factories  of  considerable  height ;  ordinary  shops 
should  not  be  regarded  as  other  than  domeetic  buildings. 
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In  towns  where  a  competent  building  aurveyor  of  experience 
is  engaged,  the  committee  considered  that  the  whole  of  the  by- 
laws should  be  in  force.  In  such  places,  exemptions  from 
certain  divisions  of  the  by-laws  should  be  made  applicable  to 
particular  bnildings,  rather  than  to  districts,  and  the  committee 
were  of  opinion  that  in  no  caae  should  the  exemptions  extend 
to  sanitary  matters 

As  regards  the  deposit  of  plans,  this  committee  suggest  s 
block  plan  only  showing  the  drainage,  etc.,  and  that,  where 
required,  plana  and  sections  together  with  elevations,  if  needful 
to  explain  methods  of  constmction,  should  be  submitted  for 
inspection  during  a  defined'  and  limited  time,  which  drawings 
should  be  returned  stamped,  if  approved,  or,  if  not  approved, 
accompanied  by  a  piecise  statement  of  the  particulars  in  which 
the  by-laws  have  not  been  complied  with. 

The  committee  also  stated  that  it  would,  in  their  opinion,  be 
a  great  advantage  if  an  appeal  could  be  provided  to  a  technical 
authority  as  to  the  meaning  and  applicability  of  by-laws. 

With  many  of  these  opinions  the  Author  ia  prepared  to  i^ree, 
and  considers  the  Institution  has  approached  this  question  in  a 
very  fair  and  reasonable  manner. 

The  Council  of  the  Incorporated  Society  of  Medical  Officers 
of  Health  have  also  had  this  subject  under  consideration,  and 
have  prepared  their  amendments  and  suggestions  to  the  Model 
Code  of  Building  By-laws  for  Bural  Districts ;  but  as  their  re- 
port has  not  yet  been  adopted  by  the  Society,  the  Author  is  not 
in  a  position  to  quote  from  the  same. 

The  Building  By-laws  Keform  Association,  instituted  Decem- 
ber 8,  1902,  have  introduced  a  Bill  (see  Appendix  A)  into  the 
House  of  Lords  to  amend  the  Public  Health  Acts,  which  Bill 
has  been  read  a  second  time  and  referred  to  a  Committee. 

The  objects  of  the  Bill  are  stated  as  follows : — 

1.  To  exempt  buildings  sufiBciently  isolated  from  the  opera- 
tion of  existing  and  future  building  by-laws. 

2.  To  provide  against  alterations  of  buildings  erected  under 
the  exemptions  provided  by  the  above, 

3.  To  render  exempted  buildings  subject  to  by-laws  relating 
to  sanitation. 

4.  To  empower  the  Local  Government  Board  upon  repre- 
sentation by  ratepayers,  to  disallow  by-laws  after  confirmation 
where  any  such  are  found  unsnited  to  the  district  in  respect 
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to  which  tUey  apply,  or  to  operate  coDtraiy  to  the  pnblic 
intereeta. 

In  a  Memorandum  issued  by  that  Associatioa  they  state  that 
the  proposed  BiU  has  been  prepared  by  them  in  the  hope  that 
it  will  remove  some  of  ^e  principal  difficulties  and  causes 
of  friction  in  the  administration  of  building  hy>laws  without 
impairing  their  efficiency.  It  is  designed  to  facilitate  the 
erection  of  cottages  and  sroall  houses,  especially  in  couutry 
towns  and  rural  districts  where  the  want  of  accommodation  for 
workmen  and  labourers  is  acknowledged  to  be  acutely  felt,  and 
at  the  same  time  to  free  other  houses  with  plenty  of  land  around 
them  from  the  unnecessary  restrictions  imposed  by  existing 
building  by-laws. 

They  state  that  the  building  of  cottages  is  now  discouraged 
by  three  things : — 

1.  The  expense  of  building  to  comply  with  by-laws  as  to 
structure. 

2.  The  fear  of  friction  and  expense  arising  out  of  the  ad- 
ministration of  by-laws. 

3.  The  unsuitability  of  by-laws  to  the  needs  of  the  districts 
in  which  they  are  in  force. 

They  also  state  that  the  Bill,  if  passed,  would  remove  these 
difficulties : — 

1.  By  exempting  (clause  2)  from  the  operation  of  by-laws  as 
to  structure,  houses  and  cottages  where  sufficient  open  space  is 
irovided  all  round  them  for  the  purposes  of  health  and  amenity, 
and  preventing  the  spread  of  fire. 

2,  By  giving  (clause  5)  the  Local  Giovemment  Board  power 
upon  complaint  to  recoU  any  by-laws  which  may  be  unsuitable 
to  the  district  in  which  they  are  in  force. 

The  Bill  expressly  provides  (clause  4)  that  it  shall  not 
operate  to  exempt  any  building  from  by-laws  relating  to  sani- 
tatioQ,  and  it  contains  provisions  (clause  3)  to  prevent  building 
contrary  to  its  requirements. 

The  principle  of  exemption  in  return  for'space  is  rec(^;nised 
in  London  by  section  201  of  the  London  Building  Act,  1894,  and 
there  is  no  valid  reason  for  refusing  to  extend  it  to  the  country. 

The  power  to  recall  existing  by-laws  (clause  5)  would  con- 
duce to  their  being  more  carefully  administered,  and  would 
enable  the  Local  Government  Board  to  provide  districts  with 
good  by-laws  with  a  minimum  of  cost,  delay,  and  friction. 


Dig-izedbyGOOgk- 


FOfi  NEW  STEKETS  AND   BDILDINGB.  287 

The  Bill  applies  to  both  urban  and  rural  districta,  and  will, 
it  is  hoped,  encourage  the  building  of  labourers'  cottages  with  an 
adequate  amount  of  garden  ground  attached  to  them,  and  at  the 
same  time  relieve  owners  of  property  from  interference,  not 
only  unnecessary,  but  often  actually  detrimental  to  the  public 
interest. 

In  the  opinion  of  the  Author,  thia  Bill  will  require  very  con- 
siderable amendment  before  it  can  be  expected  to  receive  much 
support,  although  ODe  may  have  the  greatest  sympathy  with  the 
promoters. 

In  considering  this  question  the  Committee  had  particularly 
in  mind  the  following  objects : — 

1.  To  ascertain  whether  the  existing  by-laws  can  he  modified 
so  as  to  lessen  the  restrictions  which  are  said  to  exist  in  such  a 
way  as  not  to  affect  the  stability  and  safety  of  buildings,  both 
in  urban  and  rural  districts,  at  the  same  time  securing  that  the 
laws  of  public  health  may  be  adhered  to. 

2.  Whether  such  modifications  would  make  it  possible  to 
reduce  the  cost  of  the  erection  of  buildings,  more  especially  for 
the  artisan  class. 

3.  If  any,  and  which,  by-laws  could  be  altered  with  advan- 
t^e  to  the  general  public 

The  question  of  the  possibility  of  reducing  the  cost  of  erecting 
cottage  property  by  modifying  the  by-laws  requires  very  careful 
consideration  as  affecting  owners,  tenants,  and  the  general  public. 

The  consequence  of  such  reduction  would  probably  be  on  the 
one  hand  the  erection  of  houses  which  could  let  at  a  less  rent 
than  is  at  present  chaiged  for  houses  of  similar  accommodatioii, 
and  on  the  other  hand  a  considerable  modification  of  the  by- 
laws might  open  the  door  for  the  erection  of  less  substantial 
and  unhealthy  dwellings. 

By-laws  are  framed  chiefly  for  the  purpose  of  securing  con- 
ditions of  health  for  the  individual  and  the  community,  stability 
of  property  and  security  from  fire,  and  in  their  consideration 
these  objects  should  be  kept  constantly  in  view. 

The  by-law  committee,  after  careful  consideration,  have  come 
to  the  conclusion  that  modifications  can  be  made  without  in  any 
way  endangering  any  of  the  above  principles,  and  have  offered 
(as  already  stated)  to  the  Local  Government  Board  many  sngges- 
tions  on  these  lines  for  their  consideiration. 

The  Author  su^^ests  various  additions  and  amendments  to 
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the  existing  model  building  by-laws  for  both  urban  and  rural 
dietricts*  as  follows : — 

Interpretation  of  Terms. — Many  of  the  larger  towns  and 
urban  districts  in  their  latest  by-laws  have  provided  for  the 
definition  of  the  following  terms  used  in  the  by-laws,  such  as 
"  surveyor,"  "  foundation,"  **  topmost  storey,"  "  lowest  storey," 
"ground  storey,"  "ground  floor,"  and  slao  definition  of  fire- 
resisting  materials ;  these  should  be  included  in  the  Board's 
Model  Code. 

Owing  to  the  ereation  of  flAts  and  composite  buildings,  a 
definition  is  needed  to  cover  such ;  this  is  of  coarse  more  par- 
ticularly felt  in  large  towns, 

ExxrnpUd  BvAldmgt.  —  By-law  2,  par^rapha  H  to  L 
(inclusive). 

Considerable  expense  and  difficulty  are  now  experienced, 
owing  to  the  necessity  under  the  by-laws  of  having  to  submit 
plans  of  such  buildings  as  plant  houses,  aviaries,  fowl  houses, 
coal  houses,  and  similar  stnictuies,  and  it  is  suggested  that  these 
buildings  might  be  erected  on  permission  being  obtained  ftom 
the  sanitary  authority,  so  long  as  the  minimum  area  of  open 
space  required  under  the  by-laws  is  not  interfered  with  and  the 
sanitary  requirements  are  complied  with,  without  the  necessity 
of  submitting  plans,  provided  seven  days'  notice  in  writing  is 
given  to  the  local  authority  before  the  erection  of  sacb  a 
building. 

At  the  present  time  most  by-laws  require  buildings  to  be 
of  brick,  stone,  or  other  incombustible  material. 

In  order  to  allow  of  buildings  being  constructed  of  other 
suitable  materials  than  brick  or  stone,  under  certain  conditions, 
a  by-law  providing  for  the  external  walls  being  constructed  of 
suitable  material  of  adequate  strength  to  secure  proper  stability 
and  constructed  to  be  weather-proof  should  be  included ;  tliis 
would  to  a  very  laige  degree  remove,  especially  in  rural  districts, 
the  present  outcry  against  the  cost  of  building,  uid  would  allow 
of  half-timbered  buildings,  buildings  of  wood  and  corrugated 
iron,  reinforced  concrete,  and  other  forms  of  construction. 

The  Author  would  here  point  out  that  other  circumstances 
have  materially  added  to  the  cost  of  buildings,  such  as  the  in- 
creased cost  of  materials  and  labour,  and  the  restrictions  as  to 

*  Appendix  B  giTM  a  ^DojiriB  of  tho  Locml  QoTernment  Model  B;-Um 
reremcf  U. 
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hours  and  rules  in  various  trades ;  rents  of  cottage  property  too 
are  undoubtedly  increased  to  meet  the  increased  rates  and  taxes, 
both  local  and  national. 

With  respect  to  the  Level,  Width,  and  the  Cotistruelion  of  New 
Street*. — In  framing  by-laws  every  district  has  adopted  a  certain 
minimum  width,  according  to  the  individual  views  of  those 
drafting  or  having  the  approval  of  the  by-lawa. 

After  careful  consideration  the  committee  adopted  the 
following  reoonmiendation. 

That  the  minimum  width  of  streets  for  urban  districts  shoUM 
be  as  follows : — 

(a)  40  feet  for  side  streets. 

(b)  60  feet  for  more  important  streets. 

(c)  60  feet  for  streets  that  are  main  lines  of  communication 
or  in  continuation  with  same. 

In  rural  districts  no  street  should  be  less  in  width  than  36 
feet,  and  all  main  lines  of  communication  should  be  25  feet 
from  the  centre  of  the  road  to  the  forecourt  walL 

Narrow  roads  whetha-  in  orban  or  mral  districts  are  a 
mistake,  a  great  inconvenience,  and  a  source  of  danger  to  the 
public,  especially  under  the  present  conditions  of  traffic. 

Enormous  sums  are  constantly  beii^  paid  to  widen  streets, 
and  what  is  a  country  difitrict  to-day  may  very  soon  become  part 
of  a  more  populous  area. 

In  country  districts  if  the  required  distance  were  kept 
between  the  building  lines,  it  would  be  possible  to  allow  of 
forecourts  being  provided  and  the  streets  made  narrower  than 
suggested,  so  that  they  could  be  widened  at  any  future  date  at 
small  expense  and  so  save  expensive  street  constniction  in  the 
meantima 

As  regards  the  width  of  footways  and  carriageways  and  the 
specification  for  street  construction,  these  should  be  left  to  the 
local  authority  to  determine  in  the  large  districts,  as  is  generally 
done  at  present  in  many  towns  under  private  Acts ;  and  in  small 
urban  and  rural  districts  the  model  code  should  be  enlarged  to 
provide  for  a  more  complete  detail  of  the  method  of  construction 
80  as  to  leave  no  loophole  of  doubt  as  to  what  is  required. 

With  respect  to  the  Structure  of  Walls. — Very  few  by-laws 
provide  for  the  interpretation  of  the  following  terras,  and  these 
should  precede  the  clause  dealing  with  building  construction, 
namely : — "  sand,"  "  lime,"  "  cement,"  "  lime  mortar,"  "  cement 
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mortar,"  "concrete,"  "plaeter,"  "asphalt,"  and  similar  terms; 
these  should  be  complete  both  as  r^ards  the  quality  of  the 
material,  composition,  and  other  details. 

By-laio  14. — Provides  for  the  erection  of  new  bnildings  of 
brick,  stone,  or  other  hard  and  incombaatible  materials, 
properly  bonded  and  solidly  put  together  with  cement,  lime,  or 
cement  mortar,  and  provides  for  certain  exceptions  as  hollow 
walla  and  half-timbered  buildings. 

Provision  should  be  made  for  the  thickness  of  material  other 
than  brick,  or  stone  under  this  by-law;  the  model  code  has  no 
provision  for  walls  constructed  of  iron  or  steel  framing :  this 
should  be  included,  and  also  provision  made  for  reinforced 
concrete,  or  other  similar  construction. 

All  iron  or  steel-framed  buildings  should  be  covered  with, 
embedded,  or  encased  in,  concrete  or  other  fire-resisting  material. 

By-law  21, — As  regards  thickness  of  cross  walls. 

This  by-law  has  a  very  important  bearing  on  the  thickness 
of  external  and  party  walls,  inasmudi  as  the  existence  of  proper 
cross-walla  of  the  required  thickness  determines  the  lengUi  and 
consequently  the  thickness  of  such  external  and  party  walls. 

The  Author  suggests  that  this  by-law  be  amended  so  aa  to 
provide  that  a  pillar  or  buttress  of  a  lenj^h  of  not  less  than  one> 
tenth  of  the  he^ht  of  such  wall,  but  in  no  case  less  than  3  feet 
in  length,  be  allowed  in  substitution  for  the  wall  carried  throng 
from  back  to  front. 

£y-laio22. — As  to  the  thicknesa  of  walla  of  domestic  buildings. 

This  and  the  following  by-laws  are  very  intricate  ones,  and 
they  give  more  trouble  in  administration  than  all  the  rest. 

The  principal  difiiculty  consists  in  having  laid  down  hard  and 
fast  rulea  which  cannot  always  be  administered  without  the 
infliction  of  apparent  hardship  on  the  persons  concerned. 

The  principle  of  the  rules  appears  to  be  that  walls  of 
domestic  bnildings  less  than  25  feet  high  and  30  feet  long  must 
be  9  inches  t^ck  throughout,  that  if  either  the  height  or  length 
is  increased,  the  thickness  of  the  walls  must  accordingly  be 
increased  as  det  forth. 

As  general  rules  the  provisions  of  the  by-laws  do  not  appear 
to  be  unreasonable,  but  in  practice  the  application  to  cottage 
property  sometimes  presents  difficulties  in  respect  to  party  and 
gable  walla,  both  as  r^iards  height  and  length  as  fixing  the 
thickness. 
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The  difficulties  experienced  might  be  very  mach  reduced  if 
the  by-law  were  amended  bo  as  to  allow  of  domestic  buildings 
being  erected  up  to  30  feet  in  height  and  30  feet  in  length  with 
9-inch  walla ;  this  would  allow  of  three-storey  buildings. 

There  is  also  the  question  whether  some  concession  might 
not  safely  be  made  in  respect  to  permitting  the  external  walls 
of  sculleries,  wash-houses,  closets,  tool-houaes,  or  ash-places, 
appurtenant  to  a  domestic  building,  to  be  erected  only  4^  inches 
thick  instead  of  9  inches  as  required  by  this  by-law,  provided 
these  walls  were  bmlt  with  cement  mortar,  and  subject  to 
certain  restrictions,  such  as  the  size  of  such  buildings,  etc.,  and 
provided  that  the  fonndations  and  party  walls  were  constructed 
of  9-inch  brickwork. 

This  amendment  would  in  the  opinion  of  the  Author  be  a 
concession  of  some  value  in  the  erection  of  cottage  property. 

By-law  23. — Here  again  this  by-law  should  be  amended  so 
as  to  allow  greater  latitude  as  r^ards  the  height  and  thickness 
of  walls  for  warehouse  buildings,  and  a  clause  inserted  dealing 
with  external  walls,  which  may  be  retaining  walla. 

A  clause  might  also  be  inserted  to  provide  that  where  a  wall 
is  constructed  of  cement  concrete  other  than  ferro-concrete,  the 
thickness  should  beat  least  one-fourth  greater  than  that  required 
in  the  previous  by-laws, 

Conatructi&n.  of  Chimneyt. — A  by-law  should  be  provided  to 
deal  with  the  construction  of  chimneys,  to  include  any  suitable 
form  of  construction,  such  as  the  Alphons  Cnstodis  principle, 
steel  or  other  suitable  materials. 


WWi  retpeet  to  tin  safidency  of  gpaee  about  buildings  to  xecure  a 
dreulatitm.  of  air,  and  with  re^xct  to  ventilation  of  buildings. 

By-law  53. — This  by-law  should  be  improved  by  the  addition 
of  the  following  proviso : — 

"Provided  that  where  a  scullery  not  exceeding  10  feet 
6  inches  in  height,  measnred  from  the  floor  of  such  scullery  to 
half-way  np  the  roof,  is  erected  at  the  back  of  such  dwelling- 
house,  he  may  cause  the  distance  across  such  open  space  between 
such  scullery  and  the  said  boundary  to  be  oue-fi^h  less  than 
the  distance  as  prescribed,  if  thereby  no  diminution  of  the 
minimum  aggregate  extent  of  150  sqnare  feet  is  involved. 
Provided  also  ttut  any  scullery  to  be  so  erected  shall  not  ha 

ir  2 
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allowed  to  extend  across  the  back  of  sach  building  to  an  extent 
of  more  tlian  three-fiflha  the  width  of  any  habitable  room  to 
which  ench  scaUeiy  is  attached,  and  provided,  also,  that  anch 
scullery  shall  leave  sufficient  light  and  ventilation  for  any 
habitable  room." 

By-law  56. — ^As  regards  this  by-law  "  one-twelitii "  should 
be  substituted  for  "  one-tenth "  of  the  floor  area  for  windows 
where  the  li^t  is  nnobstracted,  and  the  top  of  the  window 
should  be  not  less  than  7  feet  from  the  floor  except  for  rooms 
in  the  roof,  unless  some  additional  means  of  ventilation  be 
provided  near  the  top  of  the  room. 

Also  that  provision  should  be  made  for  ventilation  of  bath 
rooms,  lavatories,  and  sculleries,  with  the  exception  that  "  one- 
fifteenth  "  should  be  substituted  for  "  one-twelfth "  in  such 
cases.  Pantries  under  staircases  should  also  have  proper  means 
of  ventilation  provided. 

Opening  skylights  for  rooms  partly  or  wholly  in  the  roof 
should  be  r^arded  as  windows. 

With  respect  to  the  Drainage  of  Buildings. — In  front  of  the 
by-law  under  this  heading  there  should  be  inserted  an  interpre- 
tation of  the  foUowing  words,  namely,  "  stoneware  pipes"  (this 
should  be  accompanied  by  a  schedule  for  sizes,  etc.), "  soil  pipes," 
"  ventilating  pipes,"  and  other  materials  ;  the  weight  and 
method  of  jointing  soil  pipes  and  ventilating  pipes  should  also 
be  given. 

By-law  62.  Paragraph  2. — This  by-law  should  be  anlended 
so  as  to  provide  for  drains  being  laid  straight,  both  in  line  and 
gradient,  and  with  joints  watertight,  and  where  practicable,  with 
a  fall  of  not  less  than  1  in  3G ;  if  the  fall  is  less  than  1  in  48, 
proper  means  for  automatic  flushing  should  be  provided. 

Paragraph  3. — Should  be  amended  so  that  the  joints  of  the 
pipe  above  the  ground  shall  be  of  molten  lead,  and  this  para- 
graph should  be  altered  so  that  the  provision  for  pieis  ahould 
only  be  applied  when  the  drain  is  above  the  ground. 

Note. — By  this  by-law  a  new  drain  shall  not  be  constructed 
so  as  to  pass  under  any  building  unless  the  precautions  con- 
tained in  this,  and  the  subsequent  paragraphs,  are  observed ; 
but  where  the  drain  is  already  in  existence,  or  has  been  in  exist- 
ence more  than  six  months,  a  person  may  erect  a  new  building 
without  observing  any  of  these  precautions,  and  the  by-law  to 
that  extent  requires  amendment. 
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Paragraph  4. — Conci-ete  not  necessajy  in  all  cases ;  there- 
fore add  "  where  the  nature  of  the  ground  requires  it." 

Paragraph  5. — The  phrase  "  highest  point "  not  satisfactory, 
the  requirement  should  apply  to  the  whole  Iraigth  of  pipe,  and 
the  distance  should  be  equal  to  the  full  diameter  of  the  drfun, 
and  in  no  case  be  less  than  6  inches. 

By-law  63. — Add  words  to  define  means  of  access,  say  "  by 
means  of  a  manhole  chamber,  or  vertical  shaft,  having  a  diameter 
of  not  less  than  that  of  the  drain." 

By-law  65. — Provision  should  be  made  for  rust  pocket  at  the 
bottom  of  the  ventilating  pipe. 

By-law  66. — Provision  should  be  made  for  anti-syphonage, 
and  soil  pipes  should  not  be  used  as  rain  water  pipes,  nor  rain 
water  pipes  for  ventilation  purposes. 

With  respect  to  water-closets,  earthr-closets,  privies,  ash-pits, 
cesspools,  in  connection  mth  buildings. 

By-law  67. — ^The  word  "  eartii-closet "  should  be  left  out, 
same  as  in  rural  by-laws,  and  the  clause  amended,  so  that  water- 
closets  shall  not  open  directly  into  any  room  wholly  or  partly 
osed  for  human  habitation,  or,  as  a  place  of  habitual  employ- 
ment for  any  person  in  any  manufacture,  trade,  or  business. 

By-law  68. — ^Windows  are  not  necessary  ■  for  ontside  water- 
closets  wholly  detached  from  the  building ;  proper  ventilation 
can  be  obtained  by  cutting  the  doors. 

By-law  69. — The  following  words  should  be  added  after 
"  adequate  capacity,"  "  capable  of  giving  a  flush  of  not  less  than 
two  gallons."  Committee  suggest  that  a  three-gallon  flash 
should  be  provided  for. 

By-laws  70  to  91. — Dealing  with  ash-pits,  privies,  and  cess- 
pools, the  rural  model  should  be  adopted  inst«id  of  the  urban ; 
and  as  r^ards  ash-pits,  the  committee  si^est  a  by-law  to  pro- 
vide for  ash-bins,  and  recommend  that  permanent  ash-pits  be 
done  away  with. 

There  are  many  by-laws  not  provided  for  in  the  model  code, 
although  they  are  usually  to  be  found  in  most  urban  codes,  and 
it  would  be  an  advantage  if  they  were  included  in  the  model, 
and  many  towns  have,  under  private  Acts,  very  useful  by-laws 
which  should  not  be  lost  sight  of  in  framing  a  new  Building  Act. 

As  to  giving  of  Notices,  Dtposit  of  Plans,  rfc. — ^As  regards  the 
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deposit  of  plans  of  new  buildings,  and  alterations  to  eziatdag 
buildings,  propOT  plans  giving  the  different  floors,  sections,  block 
plan  showing  drainage,  etc,  should  be  compulsory  in  all  districts, 
and  they  should  be  deposited  on  tracing  linen,  or  other  suitable 
and  durable  material  other  than  tradng  paper. 

In  recent  discussions  on  this  subject  many  speakers  have 
su^ested  tliat  no  plan  was  necessary,  especially  in  rural  dift- 
Mcts ;  Uiis,  in  the  opinion  of  the  Author,  would  be  a  retrograde 
step.  How  would  it  be  possible  for  a  surveyor  in  a  large  rural 
district,  with  a  limited  staff,  to  see  that  the  by>laws  were  being 
carried  out  ?  He  would  be  at  the  mercy  of  the  speculative  or  jerry 
builder,  or  liable  to  be  called  over  the  coals  by  his  couudl  6a 
the  erection  of  buildings  which  did  not  comply  with  the  by- 
laws, owing  to  his  lack  of  knowledge  of  the  bunder's  intention 
until  too  late  to  interfera 

The  Author  does  not  believe  for  one  moment  that  any 
well-meaning  landowner,  or  respectable  firm  of  architects  or 
surveyors,  have  any  bondrjide  or  real  objection  to  the  deposit  of 
such  plans  as  we  suggested.  Plans  are  far  more  necessary  in 
rural  districts  than  in  some  of  the  large  cities  and  towns. 

The  only  alternative  to  no  plans  is  for  the  council  to  provide 
a  large  staff  of  assistants,  who  would  constantly  be  peram- 
bulating the  distrct  in  examining  new  buildings,  to  see  t>bat 
they  comply  witJi  the  by-laws,  and  would  lead,  in  the  opinion 
of  the  Autiior,  to  far  more  disputes  and  criticism  than  the 
present  arrangement. 

If  plans  are  disapproved  on  being  submitted  to  the  authority, 
the  Author  quite  agrees  that  the  person  depositing  them  should 
be  informed  in  writing  in  what  way  they  are  wrong,  or  do  not 
comply  with  the  by-laws,  and  so  avoid  unnecessary  fiictzon  and 
annoyance. 

Consideriog  the  thousands,  tens  of  thousands,  or  probably, 
more  tlian  hundreds  of  thousands  of  plans  of  buildings  which 
pass  through  the  hands  of,  and  have  to  be  supervised  by,  the 
officials  of  local  authorities  every  year,  the  small  amount  of 
friction  which  arises  is  to  be  wondered  at,  considering  the  com- 
plex subjects  to  be  dealt  with;  and  it  should  not  be  assumed, 
from  the  comparatively  few  cases  which  come  into  court,  that 
friction  is  continually  taking  place  between  those  responsible 
for  carrying  out  by-laws  and  those  engaged  in  the  erection  of 
buildings ;  such  is  not  tiie  case. 
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In  the  diacussioDS  that  have  taken  place  of  late,  the  point 

has  been  raised,  what  is  a  new  building  1     If  the  following 

claose,  granted  in  many  private  Acts,  were  adopted  in  a  geneml 

Act  or  building  code,  much  of  the  difficulty  would  be  lemoved. 

"  From  and  after  the  passing  of  this  Act — 

"  The  erection  of  any  building ; 

"  The  re-«rection,  wholly  or  partially,  on  the  same  site 
of  any  boildii^,  of  which  any  outer  wall  is  pulled  down  to 
or  within  10  feet  of  the  snrfoce  of  the  adjoining  ground, 
and  of  any  frame  buildii^  so  far  pulled  down  as  to  leave 
only  the  framework  of  the  ground  floor  storey  thereof; 

"  The  conversion  into,  or  nsing  as  a  dwelling  house,  of 
any  building,  or  part  of  a  building,  not  originally  con- 
structed for  human  habitation ; 

"The  conversion  into  one  dwelling  house  of  two  or 
more  dwelling  houBea,  conBtmcted  originally  aa  one 
dwelling  house ; 

"  The  conversion  into,  or  usii^  as  two  or  more  dwelling 
houses  of  any  building  constructed  originally  as  one 
dwelling  house ; 

"  The  conversion  of  a  building  whidi,  when  originally 
erected,  was  l^ally  exempt  &om  the  operation  of  any 
building  by-laws  in  force  within  the  borough,  into  a  build- 
ing which,  had  it  been  originally  erected  in  its  converted 
form,  would  have  been  witiiin  the  operation  of  those  by- 
laws; 

"  The  re-conversion  into,  or  using  aa,  a  dwelling  house 
of  any  building  which  has  been  discontinued  as,  or  ap{«o- 
priated  for  any  purpose  other  than,  a  dwelling  house ; 

"  The  conversion  into  a  dwelling  room  of  any  room,  or 
part  of  a  room,  used  as  a  shop  ; 

"  The  making  of  any  addition  to  an  existing  building  by 
raising  any  part  thereof,  or  making  any  projection  ihere- 
from,  but  80  far  as  regards  such  addition  only ;  and 

"  The  roofing  or  covering  over  of  an  open  space  between 
walls  or  buildings ; 
shall  for  all  the  purposes  of  thia  part  of  this  Act  and  of  the 
Public  Health  Acts,  and  of  any  by-law  made  thereunder  respec- 
tively, be  deemed  to  be  the  erection  of  a  '  new  building.' " 

A  great  deal  has  of  late  been  said  as  re^irds  the  competency 
or  otheorwise  of  those  responsible  for  administering  the  by-laws, 
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whether  they  be  the  diaintereated  gentlemen  who  aexve  their  less 
fortunate  feUow  ratepayers,  or  the  nnich-abused  officials. 

Ab  T^ards  the  former,  the  optnioD  has  very  freely  been  ex- 
pressed that  the  members  of  local  authorities  are  actuated  by  a 
desire  to  do  their  duty  in  the  best  manner  according  to  their 
ability ;  it  is  a  well  known  fact  that  applies  to  all  diatricte,  be 
they  town  or  rura],  that  there  is  great  difficulty  in  obtaining 
many  of  the  best  members  of  the  community  to  come  forward 
and  give  their  services  freely  for  the  benefit  of  the  many ; 
possibly  there  is  a  lack  of  interest  in  the  work,  or  apathy  for  the 
consideration  of  others ;  someone  must,  therefore,  perform  what 
possibly  others  are  better  able  to  carry  out. 

With  reference  to  the  latter,  this  ia  a  matter  after  all  which 
is  entirely  in  the  hands  of  the  general  public,  if  the  Acts  of 
Parliament  and  by-laws  of  the  country  are  to  be  admiuisteied 
by  competent  men,  and  there  cannot  be  two  opinions  as  to  the 
desirability  of  this. 

All  officials  of  local  authoritiea  should  be  appointed  subject 
to  the  sanction  of  the  Local  Government  Board,  as  in  the  case 
of  Poor  Law  Officers ;  and  security  of  tenure  and  superannuation, 
of  which  we  have  heard  so  much  of  late,  should  be  given  to  alL 

Whilst  one  regreta  to  hear  that  there  are  in  some  of  the 
smaller  districts  incompetent  officials,  one  does  not  have  very 
far  to  look  for  the  root  of  the  evil :  it  lies  in  the  miserably  small 
salary  offered  for  the  duties  of  the  office,  a  salary  in  many  cases 
less  than  that  paid  by  many  of  us  to  our  foremen.  The  reason  of 
this  may  be  that  the  town  cannot  afford  an  adequate  salary ;  if 
that  is  so,  the  Author  su^ests  that  larger  districte  should  be 
formed,  so  that  competent  men  may  be  engaged  at  a  reasonable 
salary,  and  that  they  should  devote  their  whole  time  to  the 
duties  of  their  office. 

Districts  might  be  grouped  hither  for  this  purpose,  as  is 
done  for  sanitary  purposes  in  many  parts  of  the  country. 

The  Author  suggests  that  the  present  building  bylaws  should 
be  remodelled,  or  a  universal  Building  Act  adopted,  which 
should  be  compulsory,  and  power  should  be  given  to  each 
diatrict,  subject  to  the  sanction  of  the  Local  Government  Board, 
to  frame  r^ulations  as  to  the  minimum  size  and  strength  of 
material  to  be  used  in  the  construction  of  buildings,  drainage, 
and  other  particulars. 

They  should  be  concise,  deal  consecutively  with  the  various 
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snbjeota,  follow  the  same  order  in  which  they  usnallyhave  to  be 
dealt  with  in  bttildiog  operations,  be  provided  with  a  full  index, 
marginal  notea,  exphuiatoiy  illustrations,  and  dif^rams. 

In  framing  these  regulationB  greater  latitude  should  be  given 
to  each  district,  making  them  vary,  according  to  the  require- 
ments of  each  particnlar  district.  They  would  not  then  he  bo 
cumbersome  and  unnecessarily  lengthy. 

At  the  same  time  definite  rules  should  be  laid  down,  as  it 
would  be  dangerous  to  make  them  too  elastic,  or  they  would  not 
be  properly  enforced. 

It  would  no  doubt  be  necessary,  in  order  to  provide  for  some 
of  the  by-laws  as  herein  referred  to  both  for  urban  and  rural 
districts,  for  the  Local  Government  Board  to  obtain  further 
powers. 

Power  might  also  be  given  to  charge  fees  for  the  supervision 
of  all  buildings  on  the  same  lines  as  is  done  in  London  under 
the  Building  Acts,  and  several  other  towns  under  private  Acts. 

In  the  recent  discussions  that  have  taken  place  it  has  been 
suggested  that  the  Institute  of  British  Architects  and  the 
Surveyors'  Institution  could  frame  auch  a  Code  of  By-laws  as 
would  be  acceptable  to  the  Local  Government  Board,  the 
axchitects,  building  owners,  and  the  general  pabHc. 

The  Author  is  of  opinion  that  in  the  event  of  experts  being 
asked  for  furrier  anggestions  for  the  proposed  Bnilding  Act  or 
amended  by-laws,  the  Members  of  this  Asaodation  should  be 
consulted  in  a  matter  in  which  they  are  ao  deeply  interested,  as  no 
Association  is  moieoompetent  or  better  abletoassist  in  this  matter. 

In  conclusion,  the  Author  has  endeavoured  to  keep  clear  of 
the  points  covered  by  previous  pap^a,  and  wishes  to  express  his 
thanks  to  those  who  have  so  kindly  lent  him  varions  pamphlets, 
journals  of  other  Associations,  reports,  by-laws,  etc.,  and,  also  to 
say  how  much  ha  appreciates  the  valuable  assistance  rendered  by 
his  collec^ues,  both  members  of  the  Council  and  those  co-opted 
ia  the  work  of  the  By-laws  Committee.  A  great  deal  of  time 
has  been  spent  in  considering  the  details  of  each  by-law  by  that 
Committee,  and  whilst  the  Author  has  here  only  referred  to  the 
more  important  alterations,  at  the  same  time,  there  are  many 
minor  amendments  and  suggestions  which  can  be  brought  for- 
ward when  the  matter  ia  finally  discuaaed,  or  a  revision  takes 
place ;  and  be  hopes  that  the  suggestions  here  made  may  be  pro- 
ductive of  a  good  and  useful  discussion. 
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APPENDIX  A. 

A  Bill  DmruLSD  "An  Act  to  amend  the  Publio 
HsALTH  Acts." 

Whr&ub  it  is  expedient  to  ftmend  the  pioTisions  of  the  Pablic 
Health  Acta : 

Be  it  therefore  enacted  by  the  King's  Most  Ezoellent  Majesty  by 
and  with  the  advice  and  oonaent  of  the  Lords  Spiritnal  and  Temporal, 
and  Conunons,  in  this  present  Parliament  aasembled,  aod  hj  the 
authority  of  the  same,  as  follows : — 

1. — (1)  Thia  Act  shall  be  constmed  as  one  with  the  Pnbltc 
Health  Acta,  and  shall  extend  to  England  and  Wales,  exclnsiTe  of  the 
administrative  Gonnty  of  London. 

(2)  This  Act  may  be  cited  as  the  Pablic  Health  Acts  (Amend- 
ment) Act,  1905,  and  this  Act  and  the  Pnblic  Health  Acts  may  be 
cited  together  as  the  Public  Health  Acts. 

2, — (1)  The  following  bnildings  shall  be  exempt  from  the  opa»- 
tion  of  any  by-law  now  or  hereafter  in  force  witiiin  any  "Connty 
District "  with  respect  to  the  structure  of  walk,  f onndationa,  roofs, 
floors,  cbimneye,  or  hearUis,  or  with  respect  to  the  sofKciency  of  the 
space  to  be  provided  about  buildings,  or  with  respect  to  the  ventilation 
of  bnildings,  or  wilJi  respect  to  the  givii^  of  notices  or  the  deposit  of 
plans  or  sections,  namely  : — 

Any  baUding,  not  being  m  pnblle  bnilding  or  Ittstoej  (or  which,  being  ■ 
pnbUa  boUding  oi  factorj,  it  one  (tony  only  in  height  mi  ia  wlthoot  nay 
gallo;),  whioh  is  dtnated  nt  n  diatanoe  (rom  every  bonndary  of  the  omtifatga 
thweoT  of  not  leat  thtn  flReen  feet,  or  if  the  height  of  the  bailding  mekmred 
ttorn  the  gronnd  ban  thereof  to  the  iprtng  of  the  roof  ezoeed*  fifteen  feet,  nt 
a  diitanoe  from  eTery  boondary  of  the  onrtilage  thereof,  at  leait  equal  to 
moh  height  and  aln  at  a  diatuioe  from  any  other  building  of  not  leae  tiian 
thir^feet. 

(2)  A  building  shall  not  be  excluded  from  this  exemption  by 
reason  of  its  being  situated  within  the  distance  prescribed  by  sub- 
section 1  of  a  boundary  of  the  cnrtili^  thereof  fronting  or  abutting 
on  a  street,  provided  that  no  part  of  such  bnUdiog  ia  sitoated  within 
such  prescribed  distance  from  the  centre  of  such  street. 

(3)  A  detached  dwelling-honse  shall  not  be  excluded  from  this 
exemption  by  reason  only  of  it,  being  within  thirty  feet  of  another 
detached  bnilding  constructed  as  stabling  or  ofBces  to  be  nsed  in  con- 
nection  with  such  dwelling  house. 

(4)  For  the  pnrpoees  of  this  Act  two  dwelling-houses  Bepamted 
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hf  a  party  division  of  fire-ieeisting  material  shall  be  deemed  to  be  a 
aiagle  building. 

3, — (1)  If  way  addition  be  made  to  any  such  bnUding  specified  in 
section  2  of  this  Act  whereby  any  increase  is  cansed  in  the  height 
of  snch  faoilding,  or  any  diminntion  in  the  distance  thereof  from  the 
cnrtili^  or  from  any  oilier  bnilditig,  so  that  tlie  same  shall  be  of 
greater  height  or  less  distance  titan  those  respectively  in  snch  section 
mentioned,  the  district  council  may  give  notice  to  the  owner  or 
occupier  of  snch  building  requiring  the  removal  of  such  addiUon 
within  a  reasonable  time  to  be  named  in  such  notice,  and  if  default 
shall  be  made  in  complying  with  snch  notice  the  exemption  provided 
by  the  said  section  shall  thereupon  cease  to  apply  to  such  building. 

(2)  If  any  alteration  shall  be  made  to  the  cartilage  of  any  building 
specified  in  section  2  of  this  Act,  whereby  such  building  shall  be 
situate  at  a  less  distance  from  any  bonodary  thereof  than  is  in  such 
aeoUoD  mentioned  (r^ard  being  had  to  subjection  3  of  such  section), 
Uie  exemption  in^vided  by  the  said  section  shall  thereupon  oease  to 
apply  to  such  building. 

(S)  Upon  the  exemption  provided  by  section  2  of  this  Act  ceasing 
to  apply  to  any  building  (by  reason  of  sub-sectious  1  or  3  of  this 
section)  snch  building  shall  for  the  purposes  of  any  by-laws  in  force 
within  the  oonnty  district  in  which  the  same  is  situated,  and  of  the 
enforcement  thereof,  be  deemed  to  have  been  first  erected  by  the 
then  owner,  thereof  at  the  time  of  such  exemption  (Seasiug  to  exist  in 
req>ect  thereof . 

4. — Nothing  in  this  Act  contMned  shall  exempt  any  building  from 
tiiB  operation  of  any  by-law  with  respect  to  the  drainage  of  buildings 
or  with  respect  to  water-closets,  earth-closets,  privies,  ashpits,  or 
cesspools  in  connection  therewith, 

5. — (1)  Where  any  by-laws  made  under  the  provisions  of  the 
Public  Health  Acts  are  in  force  in  any  county  district  the  Local 
Government  Board  shall,  upon  application  signed  by  five  ratepayers 
in  this  district,  hold  an  inquiry  as  to  the  operation  and  effect  of  any 
such  by-laws  specified  in  such  application,  and  may  by  order  disallow 
any  such  by-laws  either  wholly  or  in  part,  and  from  and  after  the  date 
provided  in  that  beiialf  in  any  snch  order  any  by-laws  disallowed 
thereby  shall  cease  to  have  effect.  The  Local  (lovemment  Board 
may  by  anv  such  order  of  disallowance  direct  that  any  by-laws 
specified  therein  shall  from  and  after  a  date  to  be  named  therein  be 
substitnted  for  the  by-laws  disallowed  until  such  time  as  new  by-laws 
shall  be  passed  by  the  Council  of  such  district  and  allowed  by  the 
Local  Government  Board,  and  snch  substituted  by-laws  shall  have 
effect  accordingly. 
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(2)  The  Local  GoTernment  Boaid  may  at  any  stage  nqmre  pay- 
ment to  them  by  Buch  applioante  of  such  sum  not  esceeding  fifty 
ponnde  as  they  may  deem  right  to  provide  in  the  first  instance  for  any 
ezpeneeB  of  the  B(xxi  in  coanection  with  any  inqniiy  hdd  under  tlii^ 
section,  and  at  or  after  any  such  inquiry  tiie  Board  may  make  an 
order  by  whom  the  CMta  of  the  inquiry  shall  be  bome^  md  may  by 
such  order  direct  that  any  sum  paid  to  them  as  aConmid  shall  be 
dealt  with  as  they  may  deem  right. 


APPENDIX  B. 

SYNOFBia  OF   MODBL   Bt-LAWS,  AS   ISSUBD  BT  TKK   LOCAL  GOTSBS- 
UaST   BOABT),  FEOPOSID  TO  BB  AMXSDSIK 

Bt-law  No.  l.—IrUerprtlalion  of  Terms. — The  foQoving  words 
are  defined  : — "  District,"  "  Council,''  "  Base,"  *'  PBity  Wall," 
"  External  Wall,"  "  Public  Building,"  "  Buildings  of  the  Warehouse 
Glaae,"  "Domestic  Building,"  "Dwelling  Honee,"  " Biasmnmer,'* 
"  Width,"  as  applied  to  a  new  street. 

Bt-law  No.  %. — Exempted  Buildmffi. — Flu^raphs  H  to  L 
include  any  building  erected  for  the  purpose  of  a  jdant  house 
or  conservatory,  poultry  house,  cycle  shed,  etc,  which,  if  exceedii^ 
600  cubic  feet,  shall  be  at  least  10  feet  away  from  any  other 
building ;  any  other  buildings  which  shall  not  exceed  certain  limits, 
or  he  used  as  a  publio  building,  or  for  human  babitation  or  employ- 
ment, and  erected  within  specified  distances  from  any  adJMuing  land 
or  premises. 

Bt-law  No.  i.~With  reject  to  the  Levd,  Width  and  Cotutrve- 
Uon  of  Nmo  StTBtU. — Streets  to  b^  laid  out  wiUi  best  practical 
gradient  and  easy  means  of  communication  witJi  other  stxeets. 

(1)  Any  new  street  intended  for  use  as  a  carriage-rood  to  be 
S6  feet  wide. 

(2)  Any  new  stj^et  exceeding  100  feet  to  be  conBtmcted  as  a 
curiage-road,  provided  it  forms  the  principal  approai^  to  any 
building. 

Bt-law  No.  6. — ^A  new  street  intended  to  form  a  principal 
approach  to  any  building,  and  intended  for  use  otherwise  than  as  a 
carriage-road,  and  which  does  not  exceed  100  feet,  shall  be  24  feet 
wide  at  least 

Bt-law  No.  7. — A  new  street  intended  to  be  used  as  a  secondaiy 
means  of  access  to  any  premises  for  the  removal  of  refuse,  shaU  be 
16  feet  wide,  or,  if  less  than  100  yards  ia  length,  IS  feet  wide. 
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Bt-LAW  No.  8. — Any  new  street  intended  to  form  a  principal 
&pproach  to  &uj  building,  shall  comply  with  the  following  require- 
ments : — 

(a)  The  carriage-way  to  be  24  feet  wide. 
(6)  Camb«  of  carriage-way  to  be  between  j  and  J  of  an 
inch  per  foot. 

(e)  Footway  to  hare  a  cross-fall  of  J  inch  per  foot  if  not 
paved,  and  half  this  if  paved. 

(d)  Channel  to  be  not  less  than  3  inclies,  and  not  moie  than 

7  inches  deep. 

Bt-law  No.  U.~With  TBsptct  to  the  Structwa  of  Walla,  etc.— 

Provides  that  all  external  and  party  walla  shall  be  constmcted  of 

good  brick,  stone,  or  other  hard  and  incombuBtible  material  in  good 

mortar  and  cement. 

Far0ffTapk»  1  fo  4. — External  wait  maybe  hollow,  bat  width 
of  cavity  not  to  exceed  2^  inches,  tied  together  every  3  feet  hori- 
Kontally,  and  18  inches  vertically,  the  thickness  of  eat^  port  not  to 
be  less  than  i^  inches,  or  together  not  leee  than  the  preecribed 
thickness  for  aoUd  walls. 

Paragraph  5. — All  woodwork  forming  head  <A  door  framea 
oc  window  frames  to  be  covered  with  lead. 

A  dwelling  hoose  not  lees  than  1ft  feet  away  firan  any  other 
building,  may  have  external  walls  bnill  of  timber  framing,  pro- 
vided the  space  between  timbers  be  filled  with  brickwork,  and 
have  also  <i  inches  of  brickwork  behind  the  timbera,  etc. 
By<law  No.  21.— This  clause  deals  with  the  method  of  detei- 
mining  the  heighte  of  storeys,  and  of  heighte  and  lengUis  of  walls. 

Bt-law  No.  32.  — Prescribes  t^e  minimnm  thickness  to  be 
allowed  in  every  external  and  party  wall  of  a  domestic  building. 

Bt-law  No.  23. — This  by-law  deals  in  a  similar  manner  wiUi 
the  walls  of  public  buildings  and  warehouses. 

Bt-law  No.  SS.^Bequires  that  an  open  space  shall  be  provided 
at  the  rear  of  a  new  domestic  building  of  an  aggregate  extent  of  not 
less  than  150  superficial  feet,  eto. 

Bt-law  No,  56, — Provides  that  one  window  at  least  in  every 
habitable  room  shall  open  directly  into  the  external  air,  and  the  total 
area  of  such  window  shall  be  eqnal  in  area  to  iV  area  of  floor,  eto. 
Bt-uw  No.  62. — (1)  Provides  for  the  drainage  of  new  buildings. 

(2)  Drains  to  be  of  adequate  size  and  not  less  than  1  inches 
in  diameter. 

(3)  If  iron  pipes  are  used  tbe  drain  shall  be  supported  on 
[aers  or  concrete. 

(4)  If  other  than  iron  pipes  are  used,  Uie  drain  to  be  laid 
upon  a  bed  of  concrete. 
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(5)  Drain  not  to  be  laid  under  a  building  nnlem  other  mode 
of  conBtruction  impracticable  ;  if  dram  passes  under  a  building  it 
shall  be  laid  so  that  the  depth  of  covering  at  iU  highest  point  be 
not  less  than  diameter  of  pipe.  Drains  to  be  hid  m  direcb 
lines,  etc. 

Bt-lav  No.  63. — Promion  of  a  suitable  trap  upon  all  draioB 
which  may  direotlf  commnnicate  with  any  sewer  and  as  near  the 
sewer  as  may  be  practicable,  with  proper  means  of  acce«  for  Hut 
purpose  of  cleansing. 

Bt-law  No.  65. — ^Tentibbion  of  drains. 

Bt-law  No.  66. — As  to  connection  to  diwn  inside  buildings, 
soil  pipes  to  be  not  less  than  4  inches  diameter,  which  shall  be  fixed 
outside  and  carried  to  roof  widiout  diminution  of  its  diameter,  and 
free  from  all  windows,  etc. 

By-law  No,  67. — Water-closet  or  earth-closet  to  be  in  such  a 
position  that  one  of  its  sides  shall  be  on  an  external  wall. 

Bt-law  No.  68. — Window  to  be  provided  in  one  wall,  whether 
the  water-closet  be  within  a  building  or  not,  and  also  means  of  ood- 
stant  ventilation  provided. 

Bt-law  No.  69.— A  water-cloeet  Bhall  be  prorided  with  a  separate 
instem  or  flushing  box  of  adequate  capacity,  not  directly  ccKinected  to 
any  service  pipe,  ete. 

By-laws  Nos.  70-91. — Position,  constmcUon  and  capacity  of 
earth-closets,  privy,  ash-pit,  cesspool,  etc. 

Bt-law  No.  94. — Ab  to  the  giving  of  notices  and  deposit  aS 
plans  for  new  streets,  or  buildings,  and  as  to  inspection. 


DISCUSSION. 

Mr.  J.  LrmOS  :  Perhaps  I  may  be  pardoned  in  opening  this 
discussion,  as  I  was  the  first  member  of  the  Association  to  read 
a  paper  on  by-lawB,  in  the  first  year  of  our  existence.  I  may  say 
that  my  position  in  reference  to  by-laws  is  rather  a  unique  one, 
as  I  prepared  the  set  of  by-laws  for  my  own  borough ;  X  carried 
them  out  as  an  official,  afterwards  acted  aa  a  member  of  the 
council,  and  dtairmao  of  the  works  committee,  and  now  I  am  in 
private  practice.  Therefore  I  have  been  able  to  look  at  this 
subject  from  all  points  of  view,  and  I  am  still  of  opinion  that 
the  sooner  by-laws  are  done  away  with  the  better.  What  towns 
want  is  to  be  placed  in  the  same  position  as  the  chief  city  in  the 
world — the  city  of  London — and  have  a  Building  Act.  That 
was  the  idea  of  the  Local  Government  Board  when  they  drew 
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up  the  model  by*law8.  They  thouglit  we  should  all  swallow 
them  wholesale ;  we  have  done  nothing  of  the  kind.  We  all 
know  that  some  of  the  model  by-laws,  if  adopted,  would  be  un- 
workable. They  are  unworkable  in  the  town  in  which  I  live. 
It  all  goes  to  show  that  legislation  is  required,  and  legislation  of 
the  most  drastic  character.  Various  means  have  been  suggested 
by  which  improvements  could  be  effected,  and  it  has  been 
sujiCgeated  that  an  expert  committee  should  be  appointed  &om 
thia  Association  and  from  the  Institute  of  British  Architects, 
and  the  Surveyors'  Institution.  If  we  had  a  committee  of 
that  kind  appointed,  we  might  arrive  at  some  solution  of  this 
difficult  problem.  I  mnst  say  that  great  credit  is  due  to  the 
committee  for  the  very  able  report  they  have  issued.  I  agree 
with  them  almost  entirely.  One  or  two  points  I  should 
like  to  refer  to  as  to  the  working  of  our  present  by-laws. 
The  extract  from  the  report  of  the  special  committee  of  the 
Soyal  Institute  of  British  Architects  is  to  the  point.  That 
report  states,  "  that  the  by-laws  of  many  districts  vary  in  several 
particulars  from  the  model  by-laws,  and  from  one  another ;  this 
waDt  of  uniformity  in  diatricta  closely  adjacent  causes  incon* 
venience  and  irritation  to  building  proprietors  as  well  as  archi- 
tects." We  all  agree  oa  to  that,  and  to  the  value  of  having  the 
by-laws  of  adjoining  districts  uniform  in  character.  Then  the 
report  goes  on  to  say,  "  It  gives  useless  trouble  to  local  au- 
thorities." We  E^ree  as  to  that.  "  It  multiplies,  undesirably, 
officials  to  be  paid  out  of  the  rates."  I  don't  agree  with  that. 
"  It  adds  unreasonably  to  the  cost  of  building."  We  all  ^ree 
to  that.  To  put  up  an  outside  closet  in  9-inch  brickwork  is 
absurd,  and  the  sooner  it  is  altered  the  better.  Then  the  way 
in  which  the  model  by-laws  are  interpreted  by  local  authorities 
and  the  Govemment  themselves  leads  to  increased  cost  of  build- 
ing. It  says  that  a  wall  in  9-iDch  brickwork  sliall  not  exceed 
25  feet  high  and  30  feet  long ;  but  it  also  says  that  the  height 
of  the  wall  shall  be  measured  to  half  the  height  of  the  party 
wall  or  roof.  You  cannot  get  two  storeys  in,  with  an  attic  in 
the  roof,  without  great  difficulty.  I  do  not  agree  that  you  can 
have  a  three-storey  building  in  9-inGh  work.  I  do  not  think 
you  ought  to  exceed  two  storeys  in  height  for  a  9-inch  wall. 
Then  we  require  a  great  deal  of  alteration  in  the  by-laws  as  to 
the  materif^  which  may  be  employed.  We  all  know  that 
materials  are  coming  iuto  use,  such  as  ferro-concrete  and  other 
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materialB,  which  render  an  alteration  of  t^in  by-law  absolutely 
necessary.  Again,  in  rural  districts  it  is  absurd  to  aay  that 
80  long  as  tbey  are  Bufficiently  isolated,  there  should  be  a  by- 
law to  prevent  the  erection  of  wooden  buildings.  It  ia  said 
by  some  that  you  may  buHd  a  cottage  on  a  plot  of  land,  and 
that  afterwards  other  houses  may  be  built,  and  there  will  be 
danger  of  fire.  But  if  the  by-laws  are  carried  out  that  cannot 
occur.  These  are  points  of  importance  as  to  the  reduction  of  the 
cost  of  isolated  baildinge  in  rural  districts.  There  is  a  point 
about  what  is  a  new  building.  Well,  you  know  that  has  caused 
more  friction,  perhaps,  than  anything  elsa  The  new  clause, 
suggested  in  the  paper,  is,  I  think,  an  excellent  one,  and  will 
remove  a  great  deal  of  friction  in  reference  to  the  matter. 
There  is  another  question  I  should  like  to  refer  to,  aiKl  which  ia 
rather  a  burning  one  in  Southampton,  that  is  with  reference  to 
new  buildings  in  old  streets.  The  Corporation  have  a  by-law 
wherein  they  say  that  the  height  of  a  building,  when  pulled 
down  and  rebuilt,  shall  not  exceed  the  width  of  the  street.  It 
so  happens  that  some  of  our  best  buildings  are  placed  at  the 
corner  of  narrow  streets,  and  if  a  fire  were  to  take  place  and 
destroy  those  buildings,  they  could  not  be  rebuilt  without  being 
set  back.  I  say  that  the  by-law  as  to  height  of  buildings  and 
width  of  streets  should  apply  to  new  streets  and  not  to  old  streets, 
and  it  should  give  an  opportunity  to  corporations  to  cause  build- 
ings to  be  erected  in  streets  which  are  not  of  the  width  we  desire. 
I  think  it  is  absurd  to  say  that  the  building  should  not  be  re- 
built, but  that  you  should  set  it  back  in  order  to  comply  with 
that  by-law.  I  should  like  to  propose  a  hearty  vote  of  thanks 
to  my  friend  Mr.  Greatorex  for  the  trouble  he  has  taken  in  pre- 
paring this  paper,  and  also  to  the  Committee  of  the  Association 
for  the  trouble  they  have  taken  in  preparing  their  report. 

Mr.  G.  W.  Lacey  :  I  have  very  much  pleasure  in  seconding 
the  vote  of  thanks  to  Mr.  Greatorex  for  his  able  and  instruc- 
tive paper,  and  at  the  same  time  I  should  like  to  express  the 
hope  that  the  full  report  of  the  sub-committee  may  soon  he 
available  to  Members  of  this  Association.  I  am  particularly 
anxious  to  receive  it,  because  my  council  have  appointed  a 
committee  to  go  into  the  question  of  the  revision  of  our  building 
by-laws,  and  I  have  got  them  to  postpone  the  meeting  until 
this  report  of  our  Association  has  been  published,  as  I  tbonght 
it  would  be  a  very  considerable  guide.     Taking  the  questions 
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raised  in  the  order  in  which  they  are  dealt  with  in  the  paper,  it 
ia  proposed  Uiat  exemptioDa  from  plans  be  given  in  the  case  of 
plant  houses,  aviaries,  coal  houses,  and  similar  structures.  In 
most  by-laws  exemptions  are  available  for  the  buildings  men- 
tioned here  under  certain  restrictions.  I  think  those  restrictions 
ouf;ht  to  apply  in  any  case  as  to  proximity  to  other  buildings, 
as  it  allows  of  those  buildings  being  constructed  in  combustible 
materials ;  and  as  to  corrugated  iron  buildings,  the  Local  Oovem- 
ment  Board  already  allow  by-laws  for  these  under  certain 
restrictions  as  to  size  and  distance  from  any  other  buildings. 
With  regard  to  by-law  14,  in  these  days  of  pn^ression  when 
methods  of  construction  are  proceeding  on  very  different  lines, 
there  must  be  some  provision  in  by-laws  for  walls  to  be  put  up 
5  or  6  in<Jies  thick  which  are  as  strong  as  a  brick  wall  of  18  inches. 
So  far  as  domestic  buildings  are  concerned,  the  chief  difficulty  is 
in  the  case  of  cottages  with  rooms  wholly  or  partly  in  the  roof, 
which  are  three-storey  buildings  in  the  definition  of  the  by-law. 
Where  the  rooms  entail  no  additional  brickwork  beyond  25  feet 
in  hei^t,  then  the  9-inch  thickness  of  wall  ought  to  apply.  In 
some  by-laws  there  is  a  provision  made  for  that,  bwauae  the 
by-law  generally  reads  that  a  wall  not  more  than  25  feet  in 
height  and  30  feet  in  length  and  comprising  not  more  than 
two  storeys,  may  be  9  inches  thick.  With  the  omission  of  the 
words  "  and  comprising  not  more  than  two  storeys,"  the  walla 
can  be  built  9  inches  thick,  and  allow  of  a  room  wholly  or 
partly  in  the  roof.  For  all  habitable  rooms  I  think  the  walls 
ought  to  be  9  inches  thick,  but  such  buildings  as  a  coal  house 
or  a  w.c,  might  be  put  up  in  4i-inch  work.  If  you  are  going 
to  have  walls  in  sculleries  4^  inches  thick  and  say  that  cement 
mortar  is  to  be  used,  it  La  placing  greater  responsibility  on  the 
surveyor  in  seeing  it  carried  out.  With  regard  to  the  walls  for 
warehouses,  etc.,  I  think  they  ought  to  be  treated  on  similar 
lines  to  domestic  buildings.  At  present  the  by-laws  require  a 
wall  to  be  a  certain  thickness  at  its  base,  but  this  is  too  vague. 
With  regard  to  the  sufficiency  of  air  space  about  buildings,  I 
am  not  in  ^reement  with  the  reduction  of  the  space  at  the 
roar.  I  think  15  feet  at  the  rear  of  any  house  is  little  enough. 
With  this  proviso,  where  you  have  a  one-storey  building  at 
the  rear,  reducing  the  present  minimum  space  by  one-fifth 
would  leave  12  feet,  and  upon  this  there  may  bo  a  w.c.  and  an 
ashpit,  consequently  you  will  have  only  8  or  9  feet  of  garden 
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ground  left.  I  objeiA  also  to  the  proposed  amendment  to  by- 
law 56  aa  to  the  area  of  windows.  I  think  one-tenth  is  a  fair 
space  to  take.  If  you  take  a  cottage  room  10  feet  by  10  feet 
— a  veiy  common  size — a  4  feet  by  2  feet  window  does  not 
appeal  to  me  as  suf&cient :  5  feet  by  2  feet,  or  its  equivalent,  is 
none  too  large.  I  should  like  it  compulsory  that  an  inspection 
chamber  should  be  provided  on  the  drains.  This  is  very  often 
su^ested  to  builders,  but  unless  you  have  special  drainage 
regulations  you  cannot  enforce  it.  It  is  a  convenience  to  the 
tenant  and  to  the  owner  if  any  blockage  takes  place,  as  he  has 
the  means  of  getting  to  it  without  taking  up  the  drain.  I 
emphatically  endorse  what  is  said  as  to  the  submission  of  plans. 
It  is  absolutely  necessary  that  plans  should  be  submitted  for 
all  new  buildings,  and  I  do  not  think  the  Local  Government 
Board,  whatever  suggestions  were  made  to  them,  would  strike 
out  the  by-law  requiring  the  submission  of  full  plans  to  the 
various  local  authorities. 

Mr.  A.  C.  Jaues  :  I  do  not  tJiink  the  proposed  width  of 
streets  too  great,  but  I  certainly  think  some  definition  should 
be  given  of  what  are  important  streets.  At  present,  everyone 
knows,  main  streets  are  laid  down  piecemeal  Unless  the 
councils  have  some  means  of  sajing  how  they  shall  be  carried  out, 
I  do  not  think  there  are  any  means  of  deciding  of  what  width 
they  shall  be  made.  In  my  opinion  also  the  councils  should  have 
some  control  over  the  directions  of  main  thoroughfarea  With 
regard  to  by-law  21  as  to  the  thickness  of  cross  walls,  the  sug- 
gestion is  made  that  a  pillar  or  buttress  of  a  length  of  not  less 
than  one-tenth  of  the  height  of  such  wall,  but  in  no  case  less 
than  3  feet  in  length,  be  allowed  in  substitution  for  the  wall 
carried  through  from  back  to  front ;  but  there  is  no  suggestion 
of  what  width  the  buttress  shall  be  made.  That  is  a  point 
which  has  often  raised  difficulties  in  the  erection  of  a  cottage. 
The  party  wall  ia  usually  over  30  feet  in  length,  which  necessi- 
tates the  back  wall  of  the  main  bailding  being  carried  throngh 
as  a  cross  wall.  Frequently  the  chimney  breasts  of  adjoining 
sculleries,  which  give  good  lateral  support  to  the  party  wall, 
would  make  it  less  than  30  feet  in  length  if  it  conld  be  treated 
as  a  buttress.  I  should  like  to  endorse  the  opinion  of  Mr.  Lacey 
as  to  by-law  56,  that  the  size  of  the  windows  should  not  be 
reduced  beyond  one-tenth  of  the  area  of  the  room.  I  have 
often  been  struck  with  the  darkness  of  a  room  which  had 


ityGooylc 


DisctrssioH,  307 

windowa  of  one-tenth,  and  aeeing  that  we  are  alwaya  taught  that 
sunlight  and  fresh  air  ate  potent  (gainst  disease,  we  should 
not  reduce  the  amount  of  light.  With  reference  to  by-law  69 
proposii^  a  3-gallon  flush  for  water-closets,  I  should  like  to 
know  how  the  difficulty  would  be  got  over  that  the  regulations 
of  many  water  companies  do  not  allow  of  more  than  a  two- 
gallon  flush.  Sometimes  a  two-gallon  flush  gives  a  much 
bettor  result  than  a  three-gallon  flush.  In  the  case  of  cottages 
nothing  is  oftener  out  of  order  than  the  flushing  tanks,  because 
the  people  who  use  them  will  not  take  proper  care  with  them. 
Then  as  to  plans,  I  should  say  that  all  plans  should  be  properly 
coloured :  unless  that  is  provided  for  in  the  by-law,  some  difficulty 
might  arise  with  persons  who  are  inclined  to  be  obstructionista 
by  their  refusing  to  colour  plans  properly. 

Mr.  E.  J.  Elfobd:  i(o  doubt  all  the  Members  of  the 
Aasociation  have,  for  years,  experienced  difficulty  in  administer- 
ing by-laws,  and  it  has  been  practically  impossible  for  individual 
Memb^«  to  take  the  matter  up  with  any  degree  of  success.  I 
am  sure  we  all  welcome  this  efi'ort  which  has  been  made  by  the 
Committee.  I  should  like  to  say  in  regard  to  the  suggestion 
that  buildings  may  be  allowed  to  be  constructed  in  wood  and 
other  materials,  so  as  to  cheapen  the  cost  of  construction,  that 
it  appears  to  me  that  the  greatest  difficulty  is  likely  to  arise, 
not  in  the  first  instance,  but  subsequently  in  the  maintenance 
of  structures  of  this  kind.  They  very  soon  get  out  of  repair  if 
not  properly  looked  after,  and  some  regulation  should  be  made 
which  would  prevent  this.  Possibly  the  difficulty  might  be 
met  by  issuing  a  licence  for  a  limited  period,  to  be  renewed  if 
thought  advisable  at  the  end  of  the  period.  It  does  appear  that 
if  many  buildings  of  that  character  are  erected,  there  may  be 
great  trouble  in  certain  distcicts.  We  know  that,  though  these 
buildings  are  sometimes  erected  by  philanthropists,  they  are 
generally  erected  uid  maintained  for  profit,  and  people  usually 
place  the  consideration  of  profit  before  any  other.  I  should  like 
to  support  the  suggestion  made  by  Mr.  Jamea  as  to  the  laying 
out  of  new  streets.  It  does  seem  absurd  that  we  should  have 
by-laws  which  regulate  the  width  of  the  footpath,  but  say 
nothing  about  the  construction  of  the  road  or  the  essentials  of 
construction.  It  is  no  uncommon  thing  for  a  road  to  be  made 
in  my  district  in  two  days.  A  plough  is  run  along  the  ao- 
called  road  in  the  line  of  the  kerb,  then  a  few  loads  of  gravel 
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ore  sprinkled  on  the  surface  of  the  carriage-way,  and  that  is  ^e 
road.  They  can  at  oDce  build  on  a  road  of  that  kind,  but  subse- 
quently very  great  trouble  arises.  I  think  it  should  be  made  a 
condition  that  vhen  a  public  sewer  is  available  for  the  purpose, 
the  road  should  be  severed  and  that  in  all  cases  it  should  to 
some  extent  be  made  up  before  any  buildings  are  allowed.  In 
my  district  there  are  cases  where  sewers  might  have  been  put 
in,  but  the  houses  were  built  with  cesspools,  which  are  a  great 
nuisance.  Ultimately  the  Corporation  has  to  make  the  sewer, 
after  much  delay  and  trouble,  I  agree  that  such  terms  as  lime, 
cement,  and  mortar  should  be  interpreted  in  the  by-laws.  That 
also  is  a  matter  at  present  in  a  very  hazy  state,  and  when  a  case 
is  taken  before  the  court,  the  result  depends  very  much  on  the 
personal  opinion  of  the  mc^istrate  as  to  what  constitutes  good 
mortar.  Then  I  should  like  to  call  attention  to  the  by-laws 
requirii^  the  waste-pipes  from  sinks  and  gullies  to  discharge 
18  inches  from  the  gully.  That  is  most  objectionable.  The 
new  by-law  for  rural  districts  is  preferable :  "  He  shall  cause 
the  waste-pipe  from  every  bath,  sink  (not  being  a  slopsink  con- 
structed or  adapted  to  be  used  for  receiving  any  solid  or  liquid 
filth),  or  lavatory,  and  every  pipe  in  such  building  for  carrying 
off  foul  waste  water  to  be  properly  tmpped  and  to  be  taken 
through  an  external  wall  of  such  building,  and  to  discharge  in 
the  open  air  over  a  channel  leading  to  a  trapped  gully  grating. 
I  think  the  words,  "  over  a  channel  leading  to  a  trapped  gully 
grating,"  might  be  left  out,  but  it  does  appear  most  essential 
that  every  waste-pipe  should  be  trapped  in  the  building.  As  a 
rule  the  sink  is  provided  with  a  grating,  havii^  a  few  small 
holes  in  it,  so  that  the  total  area  of  the  outlet  is  nothing  like  the 
area  of  the  pipe,  and  the  filth  going  down  the  ordinary  sink  ac- 
cumulates on  the  interior  of  the  pipe,  and  the  whole  of  the  air 
drawn  into  the  house  through  the  pipe  must  be  contaminated. 
Then  I  should  like  to  surest  that  for  sculleries  4^inch  walls 
are  not  sufficient.  In  some  districts — my  own,  among  others— 
we  have  in  the  season  a  large  influx  of  visitors,  and  many  of 
the  bouses  are  let  in  apartments.  I  should  be  soriy  to  say  how 
many  people  occupy  one  house,  but  it  is  well  known  that  in 
manv  cases  the  sculleiy  is  the  home  of  the  servant,  and  I  think 
care  should  be  taken  that  all  in  the  house  have  proper  healthy 
accommodation. 

Mr.  W.  H.  GKltVES:    With  regard  to  the  width  of  new 
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atreets,  I  do  not  see  that  any  proviaion  is  mode  for  back  roads  to 
cottage  property.  I  think  it  ought  to  be  a  Hiie  qua  non  that 
back  roads  should  be  provided  of  a  width  of  not  less  than  10 
feet,  and  in  most  cases  they  ought  to  be  open  at  each  end. 
While  I  agree  with  the  minimum  width  of  Btreets  being  40  feet 
and  wish  it  had  been  in  operation  years  ago,  yet  I  think  in  the 
caaa  of  a  cul-de-sac  where  there  are  only  four  or  five  houses  on 
each  side  it  would  be  a  hardship  if  that  side  street  had  to  be 
made  at  least  40  feet  wide.  I  think  there  ought  to  be  some 
special  provision  for  a  street  of  that  kind.  Then  I  think  the 
provision  that  in  all  main  lines  of  communication  the  houses 
should  be  25  feet  from  the  centre  of  the  road,  but  allowing 
owners  to  lay  out  36  feet  roads  in  the  first  instance,  is  a  very 
good  one,  so  that,  if  necessary  at  a  future  date,  the  street  can  be 
widened  at  a  small  expense.  I  think  that  would  get  over  a  good 
deal  of  the  original  difficulty,  when  landowners  have  to  send  in 
plana  for  new  atreets.  Then  the  street  can  be  easily  and  cheaply 
widened.  Of  course,  there  would  have  to  be  some  provision  that 
the  local  authority  did  not  have  to  give  too  much  eventually  for 
the  forecourts.  As  to  the  air  space  about  dwellings,  I  am 
rather  inclined  to  agree  to  this  proviso  to  by-law  53,  reducing 
somewhat  the  minimum  air  space.  I  know  councils  that  have  ■ 
been  reducing  this  already,  and  reading  the  by-laws  in  a  way 
never  intended.  In  cases,  for  instance,  where  there  was  a  lean- 
to,  which  required  only  10  feet  of  air  apace,  and  there  was  suffi- 
cient apace  over  the  top  of  the  lean-to  from  the  main  building  to 
make  15  feet,  that  has  been  taken  as  complying  with  the  by-law 
aa  to  air  space.  I  have  seen  where  difficulty  has  arisen  in  that 
way.  Aa  to  by-law  56,  in  reference  to  windows,  I  do  not  think 
the  window  space  ought  to  be  lessened.  There  is  another  diffi- 
culty I  have  come  acrosa,  where,  in  the  case  of  a  shop  attached 
to  a  house,  one  aide  was  practically  all  window,  no  part 
of  which  was  made  to  open,  and  tiiere  was  no  other  means 
of  ventilation.  I  think  something  ought  to  be  done  to  ensure 
that,  in  the  case  of  a  shop,  proper  ventilation  should  be  insisted 
upon.  Then  as  to  by-law  63  with  regard  to  drain^e,  I  agree 
entirely  with  the  su^estion  as  to  having  access  by  means  of  a 
manhole  chamber,  but  I  do  not  agree  as  to  the  provision  of  a 
vertical  shaft.  I  think  that  part  of  the  suggested  clause  ought 
to  be  omitted.  I  think  every  drain  where  an  inspection  chamber 
is  neceasaiy  ought  to  be  got  at  by  means  of  a  manhole.    Then  I 
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also  agree  with  the  Committee's  view  of  by-law  69,  that  a  3-gaUon 
flush  should  be  provided ;  I  think  that  is  little  enough.  When 
you  have  got  a  3-galloa  flush  in  the  water-closet  by  the  time  it 
reaches  the  inspection  chamber  you  will  not  find  very  mucli 
water  going  through.  There  is  not  much  water  for  the  drain, 
even  &om  a  3-gallon  Sush.  after  the  water  closet  has  been  flushed. 
I  also  agree  with  the  Committee's  recommendations  as  to  by-laws 
70  to  91.  I  think  the  su^estion  for  the  provision  of  asbbins 
preferable  to  the  unsightly  ashpits  we  have  been  accustomed  to 
in  the  past.  Sut  there  is  one  difficulty  I  have  found  in  my 
district.  You  must  insist  upon  ashbins  being  provided  before 
the  house  is  tenanted,  or  otherwise  you  will  sometimes  find  the 
owner  is  not  particular  about  providing  an  ashbin.  I  think  this 
is  so  important  for  cleanliness  and  health  that  It  should  always 
be  insisted  upon.  Then  the  Author  suggests  that  the  deposit  of 
plans  of  new  buildings,  and  alteration  to  existing  buildings, 
should  he  compulsory  in  all  districts,  and  that  they  should  be  on 
tracing  linen.  I  think  that  very  advisable.  I  remember  when 
we  got  our  last  Act  in  1903 — the  Water  Act — we  got  several 
clauses  for  buildings  inserted,  but  we  could  not  get  the  Local 
Government  Board  to  agree  with  that  clause.  They  said  it  was 
not  reasonable  to  expect  architects  to  supply  plans  on  linen,  and 
the  Committee  struck  out  the  clause.  1  think  it  ought  to  be 
compulsory,  otherwise,  after  a  plan  has  been  in  the  office  twenty 
or  thirty  years,  very  often  it  is  not  possible  to  read  it.  Then  I 
think  every  authority  should  have  a  complete  set  of  plans  sub- 
mitted. Difficulties  have  arisen  occasionally  with  reference  to 
cornices  and  so  forth,  that  have  not  been  shown  on  the  deposited 
plan.  Kow  we  make  a  practice  of  stamping  only  Uie  plaii  to  be 
kept  filed  in  the  offica 

Mr,  R.  A.  MacBbair  :  I  do  not  propose  to  go  int«  any 
details,  hut  only  to  deal  with  one  principle.  We  all  know  that 
legislation  above  and  beyond  public  opinion  is  not  carried  out, 
and  that  is  the  reason  why  I  think,  that  at  the  present  time,  we 
want  some  reasonable  by-laws — by-laws  which  will  be  strictly 
adhered  to  and  carried  out.  Local  authorities  should  be  granted 
modifying  or  dispensing  powers,  as  cases  often  arise  where  it  is 
impossible  to  carry  out  by-laws  without  exercising  gre&t  and 
unreasonable  hardships.  This  dispensing  power  was  held  by 
the  Court  of  Queen's  Bench  to  be  ultra  vires.  But  it  is  far 
better  to  be  open  and  honest  in  the  matter  and  grant  authorities 
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that  power  wHch  they  oftea  exercise  illegally.  Local^uthorities 
have  knowledge  of  local  conditioQS  ;  and  as,  broadly  speaking, 
they  have  the  general  welfare  at  heart,  they  should  be  allowed 
to  exercise  their  disctetion  in  extreme  cases.  Some  years  ago 
my  corporation  wished  to  have  the  latest  model  set  of  hy-laws, 
but  thought  that  some  of  the  regulations,  especially  those  relating 
to  timbers  for  cottages,  were  unreasonable ;  and  as  they  were  in- 
formed that  they  mast  "  take  them  or  leave  them,"  they  left 
them.  In  like  manner  did  the  city  of  Oxford.  It  would 
appear  much  better  to  educate  and  raise  public  opinion  gradu- 
ally, than  to  set  up  impossible  "  counsels  of  perfection," 

Mr.  Sduions  :  I  am  pleased  that  the  Council  have  taken  this 
matter  up,  because  it  is  one  of  the  burning  questions  of  the 
moment.  I  think  in  framing  by-laws,  the  question  of  rural  and 
urban  should  be  kept  entirely  distinct.  I  do  not  see  how  It  is 
possible  to  reduce  very  much  the  cost  of  buQdings  in  urban 
districts,  but  I  ^ink  that  in  rural  districts  it  is  possible  to 
reduce  the  cost  very  materially.  I  do  not  see  any  suggestion 
made  as  to  the  strength  of  timbers.  My  own  council  have 
recently  taken  to  dispensing  a  new  set  of  building  by-laws,  and 
tiie  extravagant  requirement  as  to  timbers  is  really  appalling. 
There  is  a  general  outcry  against  it.  This  is  a  point  which  I 
think  might  be  taken  up  by  the  By-laws  Committee.  Then  as 
to  3-8torey  houses.  The  by-laws  do  allow  a  S-storey  house  to 
be  constructed  with  a  9-inch  wall  if  you  do  not  exceed  25  feet 
to  the  wall  plate.  With  regard  to  the  question  raised  by 
Mr.  Elford  as  to  licences  for  temporary  buildings,  we  were 
advised  that  after  a  building  had  been  erected  six  months,  it 
was  impossible  to  put  that  in  operation  as  to  pulling  it  down 
again.  I  think  it  is  a  good  thing,  because  I  am  afraid  we  should 
have  a  great  deal  of  Motion  owing  to  people  putting  up  buildings 
which  would  be  outside  the  by-laws. 

Mr.  A.  GLA.DWSLL :  I  am  afraid  I  can  scarcely  agree  with 
Mr.  Simmons  that  we  should  have  rural  model  by-laws  quite 
distinct  in  their  provisions  from  those  of  the  urban  by-laws.  I 
am  afraid  it  is  difGcult  to  realise  how  very  urban  some  rural 
districts  are,  and  how  very  rural  some  urban  districts  are.  Take 
my  district  for  instance :  within  20  miles  of  London,  70  square 
miles  in  area,  19  parishes,  and  6  very  considerable  villages.  In 
each  of  those  villages  absolutely  urban  conditions  obtain,  as 
regards  the  contiguity  of  buildings  each  to  the  other.     Were  we 
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to  Iiave  the  set  of  by-laws  some  people  woiild  like  to  sea  in 
operation  in  rural  diatricta,  it  would  ceitainly  be  very  difficult 
to  deal  with  buildings  in  those  urban  portions  of  the  rural 
districts.  You  would  practically  be  allowing  buildings  (which 
I  quite  agree  would  be  perfectly  proper  in  the  entirely  rural 
area),  which  would  not  be  proper  in  the  congested  part  of  the 
rural  district,  what  I  will  call  iJie  urban  portion.  As  the  paper 
states,  "  what  is  now  a  country  district  may  very  soon  become  a 
very  populous  district."  I  have  given  the  question  some  con- 
sideration, and  it  appears  to  me  if  some  clauses  could  be  inserted 
iu  rural  by-laws  for  the  area  to  be  split  up  into  certain  zones, 
as  i^ajds  the  urban  or  rural  character  of  those  localities,  it 
might  possibly  tend  to  differentiate  the  class  of  buildings  which 
should  be  allowed  in  the  respective  areas  or  zones.  I  consider 
the  rural  question  is  quite  as  difficult  as  that  in  urban  districts. 
To  go  from  general  questions  to  particulars,  I  quite  agree  with 
the  recommendations  of  the  Author  as  to  the  width  for  streets, 
and  also  with  his  suggestion  that  it  should  not  be  insisted  upon 
that  the  making  up  of  the  entire  width  should  be  carried  out 
until  it  is  required  for  purposes  of  traffic  I  cannot  agree 
with  the  su^estion  as  to  the  construction  of  4J-inch  walls  for 
sculleries,  wash-houses,  w.c's,  etc.,  more  especially  in  respect  to 
sculleries.  When  one  thinks  of  the  diE&culties  in  administering 
such  a  clause,  with  its  requirement  as  to  the  use  of  cement 
mortar,  and  the  slight  difference  in  cost  between  9  inches  with 
ordinary  mortar,  and  4i^  inches  with  cement  mortar,  it  would 
appear  scarcely  worth  considering.  I  certainly  think  that  a 
clause  should  be  introduced  relating  to  constructions  in  ferro- 
concrete as  well  as  brick  and  stone  work.  It  is  absurd  to  say 
that  before  you  allow  a  ferro-ooncrete  wall  it  should  comply 
with  the  provisions  of  the  by-laws  as  regards  thickness  as 
though  it  was  in  brickwork.  Then  I  agree  with  several  of  the 
speakers  that  the  suggested  one-twelfth  window  space  is  not 
sufficient ;  in  fact  I  think  one-tenth  is  small  enough.  I  do  not 
agree  with  paragraph  4  of  by-law  62.  I  think  there  is  a  good 
deal  to  be  said  against  that.  I  think  concrete  could  in  very 
few  instances  indeed  be  safely  dispensed  with.  Then  there  is  a 
very  important  question  as  to  the  deposition  of  plans.  I  agree 
that  plans  are  necessary  in  all  cases  and  should  be  deposited,  and 
I  feel  very  grateful  to  Mr.  Greatorex  for  the  opinion  he  expresses 
that  plans  are  even  more  necessaiy  in  rural  districts  than  in 
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cities  and  towns.  One  gets  accustomed  to  hear  rural  districts 
spoken  of  eligbtin^ly.  There  is  one  point  in  the  paper  that  baa 
not  yet  been  touched  upon  in  the  discussion —  the  power  to  chai^ 
fees  for  the  supervision  of  all  buildings  as  in  London  under  the 
Building  Act.  I  am  inclined  to  think  that  is  rather  a  valuable 
suggestion,  because  it  would  probably  lead  to  the  increase  of 
salaries,  a  thing  which  we  all  desii-e.  We  veiy  often  find  that 
in  districts  where  building  snrveyois  have  been  appointed,  they 
have  been  appointed  at  a  low  salary,  or  the  salary  allocated  to 
thia  department  has  been  assessed  at  a  low  figure,  and  the  work 
has  enormously  increased.  If  this  clause  could  be  given  effect 
to,  the  repayments  to  the  council,  at  all  events  for  the  work 
involved  in  the  superintendence  of  buildings,  would  be  in  pro- 
portion to  the  trouble  given,  and  would  automatically  register 
the  amount  of  work  done;  and  probably  we  poor  surveyors 
would  be  able  to  take  advantage  of  the  increase  of  fees  which 
would  come  in  to  the  council,  and  which  might  be  allocated  to 
pay  the  surveyor  for  the  work  be  doe&  I,  in  common  with  the 
other  Members  of  the  Association,  appreciate  the  trouble  which 
not  only  Mr.  Greatorex  but  the  special  Committee  appointed  to 
go  into  this  matter  have  given  to  it,  and  we  all  hope  that  their 
labours  will  prove  of  benefit  in  the  solution  of  this  subject. 

Mr,  J.  F.  Smilue  :  I  am  very  much  in  sympathy  with  the 
proposal  that  we  should  have  building  by-laws  applicable  to  the 
whole  kingdom,  but  it  is  quite  evident  that  that  cannot  prevail 
because  local  circumstances  throughout  the  country  vary  so  much. 
But  it  is  quite  possible  to  have  a  building  law  which  would  apply 
over  the  whole  extent  of  the  kingdom.  I  am  expresdng  my 
own  opinion  only  when  I  say  that  the  model  by-laws  prepared 
by  the  Local  Government  Board  are  so  voluminous  and  involved 
that  they  are  really  futile.  By-laws  in  such  detail  have  the 
tendency  to  relieve  the  responsibilities  of  builders  in  those 
matters.  But  by-laws  which  stipulate  that  joists  shall  be  of 
certein  sizes,  and  walls  of  certain  thickness,  without  any  refer- 
ence being  made  to  the  weight  to  be  carried  or  the  strain  to  be 
borne,  must  be  useless  or  even  worse  than  that— a  stumbling- 
block.  It  comes  to  tliis,  that  if  by-laws  are  to  be  so  comprehen- 
sive as  that,  the  public  will  be  able  to  dispense  with  the  services 
of  their  professional  men.  I  do  think  that  those  vexatious  de- 
tails in  the  by-laws  should  be  avoided.  I  sympathise  with  Mr. 
MacBrair,  and  agree  that  a  considerable  discretionary  power 
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sbonld  be  left  to  the  local  authority,  because,  hovever  good  may 
be  the  by-lawa,  there  ongbt  to  be  a  certain  amount  of  elasticity 
about  them.  However  able  the  present  Members  of  this  Associa- 
tion may  be,  I  speak  with  no  diuBspect  to  them  when  I  say  that 
the  last  words  upon  methods  of  construction  do  not  rest  with  us ; 
but  seeking  to  have  the  model  by-laws  amended  without  at  the 
same  time  asking  that  their  rigidity  should  be  removed,  is  prac- 
tically making  a  claim  to  say  the  last  word ;  for  so  long  as  th^ 
are  rigid  thiere  will  be  little  or  no  scope  for  originality  in  con- 
structional details.  For  this  reason  I  think  an  effort  should  be 
made  iu  the  direction  of  reducing  the  volume  of  the  by-laws, 
and  having  a  general  building  law  which  could  be  applied  all 
over  the  country,  and  allow  such  by-laws  to  be  made  as  will  be 
useful  to  the  district  in  which  they  operate,  I  respectfully 
throw  out  the  hint ;  it  is  likely  to  tend  to  less  friction  between 
the  local  authorities  and  owners,  and  builders,  and  ultimately  be 
to  the  benefit  of  the  public,  if  by-laws  are  made  more  practic- 
able than  the  Local  Government  Board  model  by-laws.  The 
Local  Government  Board  some  years  ago,  endeavour^  to  force 
their  model  by-laws  upon  my  district ;  but  the  council  refused 
to  adopt  them,  as  they  felt  assured  that  they  would  prove  on- 
workable,  and,  as  in  some  other  districts,  be  more  honoured  in 
the  breach  than  in  the  observance. 

Mr.  C.  Ohahbers  Smith  :  It  would  have  been  useful  if  we 
had  been  informed,  as  it  is  far  from  clear  in  the  paper  given  by 
the  Author,  as  to  whether  the  views  and  suggestions  which  are 
made  therein,  are  those  of  the  Author  or  of  the  Building  By- 
laws Committee  of  the  Association.  I  think  it  would  have  been 
of  considerable  advantage  if  the  suggestions  which  the  Com- 
mittee framed,  and  which  have  been  submitted  to  the  Local 
Government  Board,  could  have  been  circulated  amoi^t  the 
Members  of  the  Association  prior  to  their  submissioD  to  tiie 
Board,  when  the  views  and  opinions  of  the  Members  could  have 
been  obtained,  and  a  more  general  enanciation  of  the  difficulties 
with  which  they  have  to  contend  in  the  administration  of  the 
by-laws  could  have  been  given.  It  should  not  go  forth  that 
our  Association  is  adverse  in  general  to  the  building  by-laws, 
for  no  body  of  men  has  a  better  knowledge  of  their  necessity 
than  Municipal  Engineers.  We  may  disagree  in  some  measure 
with  some  of  the  details,  but  of  the  need  of  by-laws,  in  order  to 
protect  the  health  of  occupiers,  there  can  be,  I  think,  no  two 
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opinions.  Building  by-laws,  like  OTdinary  Acts  of  Parliament, 
ahould  have  no  teirors  for  the  honest  builder,  whether  he  be  the 
Ho-called  owner  who  "  builds  on  his  own  land,"  or  the  builder 
who  erects  dwellings  for  immediate  sale,  anymore  than  Acts  of 
Parliament  relating  to  felony  and  the  like  should  have  any 
terror  for  the  honest  citizen.  The  province  of  this  Association 
should  be  to  snppcot  rather  than  otherwise  the  Local  Goverc- 
ment  Board,  and  if  we  could  have  given  an  expression  of 
opinion  as  an  Association  in  favour  of  a  Buildii^  Act  applicable 
to  the  whole  of  the  kingdom,  aud  under  which  urban  authorities 
uid  also  rural  district  councils  (for  urban  parishes)  should  be 
enabled  to  frame  building  by-laws,  it  would  have  been  appro- 
priate and  in  consonance  with  the  aims  of  the  Association. 
Whilst  some  speakers  appear  to  dis^ree  with  the  position 
which  is  taken  up  by  the  Board  alone,  I  think  it  may  be  inferred 
that  much  of  this  arises  from  unacquaintance  with  that  branch, 
viz.  the  architect's  department  ofthe  Board  which  is  most  imme- 
diately concerned  with  building  by-laws.  Municipal  Engineers 
will  find  that  the  officials  of  this  department  are  ever  ready  to 
give  them  all  the  assistance  and  advice  which  lie  in  their  power, 
aod  a  proper  appreciation  of  this  fact  will  often  be  of  value  to 
them  and  the  local  authorities  they  serve.  As  to  the  su^estious 
made  in  the  paper  by  the  Author,  I  think  there  is  some  misa^H 
prehension  of  the  provisions  of  the  existing  by-laws,  for  on  page 
288  it  is  stated  that  plans  of  plant  houses,  aviaries,  etc.,  have  to 
be  submitted,  and  it  is  suggested  that  plans  should  not  be  sub- 
mitted if  the  minimum  area  of  rear  space  is  not  encroached  upon. 
Now,  in  the  first  place,  such  buOdings  are  exempted  from  the 
operation  of  the  by-laws  alt<^ther  if  erected  at  least  10  feet 
distant  &om  other  buildings,  whilst  as  to  encroaching  upon  the 
open. space,  this  is  already  provided  for  in  existing  by-laws 
under  clause  64.  The  suggestion  that  an  interpretation  of 
building  materials,  viz.  aand,  lime,  lime  mortar,  etc,  should  be 
given  in  the  by-laws  is  doubtless  a  good  one,  but  the  Board 
point  out  the  difficulty  of  a  dehnition  of  materials  whichis  to  be 
applicable  to  the  whole  country.  I  notice  that  it  is  suggested 
that  the  term  "  plaster  "  should  be  defined,  but  the  Board  has 
pointed  out  repeatedly  that  local  authorities  have  no  power  te 
control  the  "  plastering  '*  of  houses,  for  this  has  nothing  to  do 
with  "  the  structure  of  walls,  for  securing  stability"  for  which 
local  authorities  may  frame  by-laws  under  section  157  of  the 
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Act  of  1875.  As  to  the  snggested  proviso  to  by-law  53,  this 
clanse  is,  I  fear,  too  enigmatical  to  be  understood.  It  is  sugges- 
ted that  "  stoneware  pipes,  soil  pipes,  etc.,"  should  be  defined 
and  their  weight  given,  but  the  Law  Officers  of  the  Crown,  I  am 
informed,  advise  that  this  cannot  be  lawfully  done  under  exist- 
ing by-laws.  Personalty,  I  do  not  agree  that  "  concrete "  ia 
not  necessary  in  all  oases  as  snggested,  and  the  clause  "  where 
the  nature  of  the  ground  requires,"  would  be  so  abused  that  it 
would  mean  in  most  districts  concrete  would  not  be  used  at  all. 
The  suggestion  that  windows  are  not  necessary  for  outside 
water-closets,  is  not  one  which,  I  think,  deserves  support :  for  its 
retention  means  that  ventilation  can  be  obtained  thereby,  which 
is  impossible  with  one  opening,  and  cleanliness  which  is  materi- 
ally assisted  by  good  lighting  can  be  better  secured.  There  are 
several  other  points  which  might  be  adverted  to,  and  on  which 
the  Members  present  would  have  held  opinions  differing  from 
those  of  the  Committee,  but  the  conclusion  which  I  think  one  is 
able  to  form  is  that  the  suggestions  made  by  them  to  tiie  Board 
tend  more  towards  the  tightening  of  the  operation  of  the  by-laws 
and  increased  cost  rather  than  to  a  relaxation. 

Mr.  J.  L.  Redperk  :  This  agitation  for  the  modification  of 
by-laws  is  largely  one  promoted  in  the  interests  of  landownera, 
speculators,  and  builders.  It  is  not  a  working  man's  agitation 
at  all,  and  it  is  a  qnestiou  whether  the  workman  is  going  to 
Irenefit.  You  may  cheapen  dwellings,  but  directly  you  (dieapen 
them  down  will  go  the  price  of  labour.  It  is  not  advisable  for 
an  Association  like  this  to  move  except  wIUl  great  caution. 
Landowners  ought  to  set  an  example  by  building  dwellings  of 
the  best  type,  not  of  the  shoddy  type.  I  have  a  suspicion  that 
the  agitation  on  the  landowner's  i»rtis  to  get  a  cheaper  class  of 
dwelling,  in  order  to  prevent  the  price  of  labour  going  up.  I 
think  this  Association  should  be  very  careful  about  initiating  <a 
supporting  a  movement  that  is  essentially  in  the  interests  of 
those  who  are  trading  on  the  question  of  dwellings  for  the 
M-orking  classes  in  a  way  which  may  lead  to  the  permanent 
disadvantage  of  the  working  classes. 

Mr.  r.  C.  Cook  :  I  can  hardly  agree  with  the  previous 
speaker.  I  think  any  improvement  in  dwellings  which  will 
tend  to  keep  men  od  the  laud  is  a  matter  of  national  importance. 
If  the  su^estion  in  the  paper  is  carried  into  effect,  and  a  uni- 
versal Building  Act  adopted,  we  shall  still  need  model  by-laws. 
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It  will  be  necessary  to  decide  what  general  provisions  sliall  be 
included  in  the  Act,  and  the  Local  Goveriuuent  Board  will  be 
required  to  sanction  by-laws  made  by  local  authorities  to  meet 
their  own  local  circumstances  dealing  with  plant  houses,  coal 
houses,  and  similar  structures.  It  is  su^ested,  says  the  Author, 
that  these  buildings  might  be  erected,  on  permisaioa  being  ob- 
tained ftom  the  eamtaiy  authority,  "  so  long  as  the  minlmnm 
area  is  not  interfered  with,  and  the  sanitary  requirements  are 
complied  with,  withont  the  necessity  of  submitting  plans,  pro- 
vided seven  days'  notice  in  writing  is  given  to  the  local  authority 
before  the  erection  of  such  a  building."  Mr.  Greatorex  himself 
gives  an  excellent  answer  to  that  suggestion  when  he  asks, 
"  How  would  it  be  possible  for  a  surveyor  in  a  large  rural 
district,  with  a  limited  staff,  to  see  that  the  by-laws  vero  being 
carried  out  ? "  I  do  not  think  it  is  the  least  hardship  to  anyone 
to  have  to  submit  a  plan ;  we  should  know  what  the  intention 
of  the  person  building  is  before  any  building  is  begun,  and  a 
possible  cause  of  friction  would  be  thus  averted.  Then  with 
r^ard  to  the  constmction  of  new  streets,  I  can  hardly  see  how 
the  suggestion  of  streets  of  different  widths  could  be  carried  out 
in  prscdce.  It  would  obviously  entaU  a  considerable  hardship 
on  an  owner,  if  he  were  told  that  the  street  he  wanted  to  lay  out 
represented  a  main  line  of  communication,  and  must  be  60  feet 
wide,  whereas  an  adjacent  landowner  might  lay  out  a  street  on 
parallel  lines  only  40  feet  Vfide.  It  does  not  follow  that  the 
price  of  the  land  is  enhanced  by  the  greater  width  of  the  street ; 
indeed  it  might  have  the  reverse  effect.  If  there  is  to  be  that 
power  in  the  hands  of  the  local  authority,  there  should  be  some 
provision  included,  whereby  the  landowners  who  have  to  increase 
the  width  of  their  streets  might  obtain  compensation  from  the 
local  authority  for  doing  so.  I  think  it  wo^d  be  desirable  for 
a  local  authority,  when  considering  plans  for  new  streets,  to  be 
empowered  to  specify  the  building  line  to  be  adopted  when  the 
houses  are  erected.  Then  Mr.  Greatorex  says :  "  As  regards  the 
width  of  footways  and  carrif^-ways,  and  the  specification  for 
street  constmction,  these  should  be  left  to  the  local  authority  to 
determine  in  the  large  districts,  and  in  small  urban  and  rural 
districts  the  model  code  should  be  enlai;gQd  to  provide  for  a 
more  complete  detail  of  the  method  of  construction."  I  do  not 
think  that  is  at  all  necessary.  Surveyors  in  small  urban  dis- 
tricts should  be  capable  of  s^>ecifying  tlie  modes  of  construction, 
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without  any  particnlar  method  being  prescribed  in  the  model 
by-law.  I  camiot  agree  with  the  idea  that  out-bidldiiigs  should 
be  constructed  iu  ^^-inch  brickwork,  although  that  may  be 
permissible  in  the  Midlands,  where  a  different  clasa  of  brick  is 
used  to  the  clamp  burnt  brick  of  the  south  of  England.  I  note 
Mr.  Greatorez  omits  all  reference  to  the  model  by-laws  as  to 
safety  in  case  of  fire,  and  which  form  a  very  excellent  example 
of  grandmotherly  legislation.  Then  ag&iu,  with  reference  to  the 
proposed  redaction  of  the  air  space  in  by-law  53,  is  it  desirable 
that  the  air  space  should  be  restricted  ?  I  think  the  air  space 
is  small  enough,  and  that  the  tendency  should  be  in  the  other 
direction.  I  admit  that  the  by-law  would  be  useful  in  the 
centre  of  large  towns,  but  in  such  cases  the  local  authority 
should  be  given  power  to  deal  with  each  case  on  its  own  merits. 
Then  in  by-law  69,  the  Committee  suggests  that  a  3-galIon  flush 
should  be  provided  for.  This  is  largely  a  matter  of  water- 
supply,  but  I  think  it  would  be  a  very  difficult  matter  to  induce 
the  Local  Oovemment  Board  to  sanction  by-laws  dealing  with 
waste,  etc.,  of  water  providing  for  a  flush  of  less  than  three 
gallons.  In  connection  with  the  giving  of  notices,  and  the  de- 
posit of  plans,  I  think  there  are  three  or  four  matters  which 
should  be  added.  Plans  should  be  submitted  and  approved 
befoi^  building  operations  are  commenced ;  if  the  building  is 
not  erected  within  a  certain  time,  approval  of  the  plans  should 
be  rendered  void ;  then  it  would  be  useful  to  be  empowered  to 
attach  conditions  of  approval  to  plans,  and  a  certificate  of  habi- 
tation should  be  made  compulsory  before  buildings  are  allowed 
to  be  occupied.  I  think  it  ia  rather  a  pity,  seeing  that  Mr. 
Greatorex  has  gone  to  a  lot  of  trouble  in  this  matter,  that  the 
report  of  the  sub-committee  was  not  circulated  to  Members 
either  with  or  without  this  paper.  It  seems  to  me  that  the 
cart  has  been  placed  before  the  horse,  and  that  if  we  had  had  an 
opportunity  of  discussing  the  report  before  it  went  to  the  Local 
Government  Board,  it  might  have  bad  more  weight  when  it  did 
get  there.  This  is  the  first  articulate  expression  on  the  part  of 
the  Association  on  the  matter  of  by-laws,  and  I  cannot  but 
think  the  proper  psychological  moment  has  been  allowed  to  go 
by.  We  heard  very  little  about  this  question  until  one  of  his 
Majesty's  judges,  who  ought  to  have  known  better,  popularised 
the  subject,  so  to  speak,  by  agitating  against  the  by-laws  of  a 
certain  local  authority.    It  was  rather  diBappointing  to  find  that 
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this  institntioQ  and  that  institution  were  expressing  opinions, 
and  that  deputations  representing  certain  bodies  with  high- 
sounding  titles  had  been  received  by  the  President  of  the  Local 
Oovemment  Board,  whilst  our  own  Association  maintained  an 
absolute  silence,  especially  as  this  is  the  Association  which 
knows  more  about  the  matter  than  any  other,  and  is  unbiassed 
in  its  judgment  I  hope  some  good  will  result  from  this  paper. 
I  think  after  thirty-three  years  of  corporate  existence,  the  re- 
presentations of  this  Association  ought  to  have  some  weight  with 
the  Local  Government  Board ;  and  unfortunately  that  has  not 
been  the  case  up  to  the  present  time. 

The  Pkesident:  While  I  should  deprecate  any  notion  of 
persons  building  paying  fees  to  the  surveyors  foe  inspection,  I 
think  there  would  be  a  very  great  deal  of  advantage  in  making 
such  persons  pay  foes  to  the  local  anthorildes.  At  present 
there  is  nothing  to  cause  a  builder  to  hesitate  to  call  upon  the 
surveyor  to  make  as  many  inspections  aa  pleases  Mm.  He  will 
lay  a  few  lengths  of  drain-pipe,  and  before  covering  them  up  he 
will  call  upon  the  officials  to  inspect.  If  a  small  fee  were 
charged  for  these  inspections  it  would  save  the  time  of  the 
officials  of  the  local  authority.  It  would  not  be  necessary  to 
charge  high  fees  for  these  inspections.  Some  of  our  Members 
have  expressed  fears  as  to  the  result  of  reducing  the  stringency 
of  the  by-laws  in  rural  districts,  when  those  districts  gradually 
grow  into  urban  ones.  That  is  a  matter  which  will  cure  itself. 
If  you  relax  the  stringency  of  the  building  requirements,  it  is 
purely  conditional  on  there  being  large  open  spao^  around 
buildings.  When  the  conditions  change  it  will  be  worth  while 
to  pull  down  those  buildings  and  erect  buildings  subject  to  the 
urban  requirements.  That  is  a  matter  about  which  we  need  not 
be  nervous ;  it  carries  with  it  its  own  remedy.  In  asking  owners 
to  lay  out  streets  more  than  40  feet  in  width  because  they  happen 
to  be  main  routes,  we  perpetrate  a  hardship.  If  we  lay  down  a 
minimum  width,  and  then  require  something  more,  we  must 
allow  compensation  to  the  owner  if  he  suffers  any  damage. 
SaLFord  has  or  had  a  peculiar  power.  Whatever  the  width  of  a 
street  had  to  be,  under  the  by-laws,  the  Corporation  could  per- 
mit a  portion  of  it  on  each  side  to  be  enclosed  with  the  houses, 
and  when  the  Corporation  decided  that  the  street  required  to  be 
made  up  previous  to  adoption,  the  owners  had  to  set  back  the 
fences  and  re-ercct  them  without  compensation.    Many  streets 

Dig-izedbyGOO^Ic 


320      SDOQESTED   AMENDMENTS  TO   MODEL  BUILDING   BY-LAWS. 

remain  for  many  years  at  the  narrow  width  at  which  they  were 
laid  out.  There  is  no  loea  to  the  owners  who  have  had  the 
ocoapation  for  all  those  years  of  laud  not  at  the  time  required 
for  street  purposes.  It  seems  to  me  that  some  such  provisioB 
as  that  should  be  put  in  the  Building  Act.  A  sn^iestion  has 
been  made  that  streets  should  be  made  up  before  building. 
Norwich  had  that  power,  and  purposely  relinquished  it.  We 
found  it  was  a  waste  of  money.  The  streets  were  made  up,  Uien 
building  went  on,  and  the  streets  were  so  cut  up  as  to  require 
remaking.  Now  Norwich  has  nothii^  more  than  certain  re- 
quirements on  the  lines  of  the  model  by-laws,  providing  among 
other  things  as  to  the  width  to  be  laid  out  for  carriageway  and 
pathways,  etc  We  find  that  builders  and  owners  realise  that 
peo[de  will  not  occupy  the  houses  unless  the  street  is  made  pass- 
able, and  it  is  a  waste  of  money  in  the  original  laying  out  to  do 
anything  further.  There  is  a  suggestion  in  the  paper  that  steel 
work  should  be  protected  by  concrete.  I  take  it  titat  that  appUes 
to  large  buildings ;  certainly  with  buildings  of  the  cheaper  class 
it  would  not  be  necessary  to  protect  a  framework  in  ihat  way.  I 
am  one  of  those  who  very  strongly  support  a  general  Building 
Act  for  the  whole  of  the  country,  and  each  district  to  have  its 
own  by-laws  with  powers  to  go  in  matters  of  detail  to  a  court 
of  appeal  for  the  county.  It  is  absolutely  impossible  to  have 
any  by-laws  that  shall  be  applicable  to  all  cases.  Some  elas- 
ticity must  be  made  possible  by  having  such  courts  of  appeal  to 
refer  to.  I  think  this  will  have  to  be  a  power  conferred  by 
future  legislation. 

Mr.  A.  D.  Greatorex,  in  replying  to  the  discussion,  said : 
With  reference  to  the  remarks  of  Mr.  Chambers  Smith,  I  may 
say  that  I  have  not  mentioned  the  Local  Government  Board  in 
my  paper  at  aU,  Purposely  I  did  not  wish  to  make  any  attacks 
upon  tiie  Board  or  its  officials.  I  know  Mr.  Worsley,  the  head 
of  the  building  department,  very  well  indeed,  and  have  had 
many  interviews  with  him,  and  t  quite  agree  with  Mr.  Chambers 
Smith  in  speaking  very  highly  of  Mr,  Worsley  and  the  other  per- 
manent officials  of  the  Local  Government  Board.  In  these  and 
other  matters  they  are  approachable,  and  I  do  not  think  we  should 
blame  them  so  much  as  some  speakers  have  done.  As  r^ards 
certun  items  referred  to  in  tJie  discussion  such  as  plaster,  and 
so  on,  that  the  present  by-laws  do  not  give  power  to  include,  in 
the   paper  it  is  distinctly  stated  that  the  Local  Government 
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Board  ahoold  obtain  the  powers  to  give  effect  to  the  BOggestum. 
At  the  present  time  there  ate  two  or  throe  Billa  before  Farlia- 
meot,  one  a  general  Omnibos  Bill  dealing  with  maay  daosea 
given  to  many  boroughs  (and  that  Bill  i»  under  the  careful 
conaideratioQ  of  your  Council),  such  ae  allowing  buildings  to  go 
np  before  streets  are  laid  out,  aa  to  plans  being  null  and 
void  if  not  proceeded  with  within  two  years,  the  flushing  of  soil 
pipes,  and  other  matters.  Then  many  of  Uie  by-laws  have  been 
omitted  from  my  paper,  because  neither  the  Committee  nor  the  - 
Council  disagreed  with  tiiem.  We  have  only  dealt  wiUi  those 
by-laws  in  which  we  suggest  some  amendment  As  to  giving 
discretionary  powers,  I  think  one  must  be  very  cautious  as  to 
how  discretionary  power  is  given  to  the  local  authorities  or  the 
offidab.  It  is  very  easy  for  some  of&oials  to  deal  with  discre- 
tionary powers,  but  in  the  case  of  some  of  the  smaller  authorities 
it  might  put  them  in  a  very  unfortunato  position.  I  do  not 
hesitate  to  say  that  that  of&cial  would  be  absolutely  bound  to 
use  the  discretion  at  the  dictate  of  a  member  of  the  council,  or 
perhi^  an  outsider,  and  it  would  be  a  hardship  to  place  an 
official  at  Uie  mercy  of  such  a  person.  Many  of  us  do  exercise 
diacietionary  power — I  do  to-day.  I  am  in  a  unique  position. 
I  have  a  set  of  by-lawa  made  in  1868 :  they  consiBt  only  of 
thirteen  or  fourteen  clauses,  such  as  the  thickness  of  walls  or  the 
sbongth  of  timbers  "  shall  be  as  the  oommissionera  diieot."  I 
have  never  had  any  bother;  I  do  not  think  my  predecessor 
had  any  trouble  during  the  seventeen  or  eighteen  years  he  was 
there.  But  in  my  opinion  it  is  better  to  have  something  definite, 
and  (hen  the  public  know  what  has  to  be  done,  and  those  who 
have  to  carry  it  out  know  what  Uiey  have  to  carry  out.  As 
regards  the  proposed  4^inch  wall,  we  are  in  the  fortunate 
position  of  getting  a  very  good  brick,  but  in  boildisg  sculleries 
U  was  intended  they  should  be  built  with  certain  mortar  and 
certain  restrictions  as  to  height  If  properly  restricted,  there 
would  not  be  much  against  that  As  to  submitting  plana  for 
couBsrvatories,  coal-honsea,  and  fowl-houses,  there  is  really  no 
necessity.  Ifotice  might  be  sent  to  the  surveyor  and  he  would 
send  an  inspector  round.  As  to  strength  of  timbers,  that  we 
have  dealt  with  by  soggesting  certain  by-laws.  There  are  many 
very  useful  by-laws  in  operation  in  the  country,  which  have 
been  obtained  under  powers  given  by  local  Acts  of  Parliament. 
The  Salford  Corporation  have  a  Building  Act  under  which  they 
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isnte  a  set  of  regolatious  as  to  tbickDees  of  walls,  strength  of 
timben,  and  otLer  matters.  If  a  general  Buildii^  Act  were 
passed,  dealing  witli  broad  prindples,  each  council  wonld  lequire 
to  have  a  set  of  isolations,  and  Uiose  r^ulations  would  be  the 
by-laws,  and  they  ought  to  be  aa  uniform  as  possible.  Take 
Birmingham,  which  is  eurroanded  as  you  know  by  many  very 
large  towns.  I  daresay  thrae  are  twenty  different  district  coun- 
cils round  Birmin^^m ;  it  ia  one  of  the  most  thickly  populated 
districts  in  the  country.  I  think  the  whole  of  those  distiicts 
should  work  on  identical  lines.  It  ought  not  to  be  possible  far 
a  man  to  come  to  my  ofBce  and  for  me  to  say  "  ao  " ;  and  then  for 
him  to  say  "  I  can  do  it  at  Smetbwick  or  Oldbnry."  The  matter 
was  raised  in  the  Birmingham  district,  when  Mr.  Cook  read  a 
paper,  and  my  friend,  Mr.  Price,  who,  I  regret,  is  not  able  to  be 
hero  to-day,  called  a  meeting  at  his  o£Kce  with  a  view  to  our 
working  on  the  same  lines,  and  that  has  been  a  very  great  bendit. 
Of  late  there  has  been  some  agitation,  and  several  deputations 
to  the  Local  Govemmeut  Board,  but  I  tiiink  it  should  be  re- 
membered that  this  Association  commenced  to  coosidw  the 
question  of  the  by-law  amendments  before  there  was  tmy  agita- 
tion or  any  action  on  the  part  of  Mr.  Justice  Grantham.  When 
the  Station  was  going  on,  we  approached  the  Local  Oovemmeot 
Board  as  to  whether  they  would  not  see  a  deputation  from  the 
Council  of  the  Association  on  the  matter.  It  was  not  necessaiy, 
they  aaid,  to  lecoive  a  deputation,  but  they  would  be  very 
pleased  to  receive  our  suggestions.  I  have  every  confidenoa 
that  the  suggestions  of  the  Association  will  bear  fruit.  In  view 
of  that  we  can  say  that  when  copies  of  our  report  were  sent  to 
the  Local  Government  Board,  they  wrote  and  asked  for  ad- 
ditional copies  for  the  different  departments.  That  shows  they 
are  not  neglecting  the  matter. 
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Br  EENEST  J.  ELFORD,  M.Ihst.M.K 

Ohe  of  the  prime  essenttaU  to  the  effioieot  adminiBtnttion  of  a 
monicip&I  engineer's  department  ia  a  aufficieat  and  qualified 
staff!  Unfortunately,  some  local  aathorities  do  not  appreciate 
the  importance  of  the  former,  bnt  the  Author  is  fortunate  in 
serving  a  Corporation  who,  demanding  a  high  standard  of  efB- 
ciency,  rect^ise  that  the  expenditure  required  to  proride  a 
sufficient  staff  is  money  well  spent,  and  is  neoessaiy  if  the  work 
ia  to  be  carried  ont  with  the  greatest  economy. 

It  is,  however,  of  the  utmost  importance  that  the  greatest 
care  he  exercised  in  selecting  each  member  of  the  staff — from 
the  oiGce  boy  upwards — and  it  is  the  Author's  practice  before 
making  an  appointment  to  insist  npon  a  personal  interview, 
and  to  make  careful  inquiries  as  to  the  ability  and,  where 
possible,  the  personal  character,  of  the  prospective  assistant. 

Strict  discipline  is  undoubtedly  of  the  greatest  advantage  to 
both  employer  and  employed. 

In  most  of  the  larger  offices  a  time  book  is  kept,  and  each 
member  of  the  staff  ia  required  to  sign  his  name  on,  and  to 
enter  the  time  of  arri^  and  departure.  It  is  su^ested  by 
some  that  a  system  of  this  kind  iavolves  some  sort  of  hardship, 
but  in  the  Author's  opinion  it  is  of  the  greatest  value,  especially 
to  those  who  have  to  sign. 

To  ensure  the  highest  degree  of  efficiency,  it  is  essential 
that,  as  far  as  practicable,  every  member  of  the  staff  should 
have  his  duties  dearly  defined.  These  should  be  set  out  in 
writing,  and  a  copy  haaded  to  each  man  on  appointmenL  By 
this  means  individual  responsibility  is  fixed,  the  work  can  be 
fairly  divided,  and  any  shirking  is  soon  detected. 

Li  the  preceding  paragraphs  the  office  staff  has  been 
specially  referred  to,  but  even  greater  care  should  be  exercised 
in  the  selectioD  of  the  outdoor  staff,  as  they  cannot  be  kept 

T  2 
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under  anch  close  anpermion,  nor  can  their  work  be  checked  so 
effectlTely.  Moreover,  in  tbeir  case,  any  n^lect  of  duty  may 
remain  undetected  for  a  considerable  time,  with  serioiis  reeolte. 

The  Author  would  not  foi^  to  refer  to  one  factor,  which 
has  an  important  bearing  upon  the  quality  of  aervice  likely  to 
be  secured,  viz.,  the  question  of  salary  or  wages. 

It  is  nnreasonaUe  to  expect  the  best  results  frooi  badly  paid 
employes  of  any  grade,  and  the  Author  has  found  by  experience 
that  it  is  the  h^est  economy  to  pay  even  more  than  other 
people  and  so  get  the  pick  of  the  men,  than  to  pay  less  and 
have  to  take  what  others  leave. 

The  Author  is  no  believer  in  too  much  red  tape,  but  a 
certain  amount  of  this  useful  article  is  indispensable  in  any 
business,  if  it  is  to  be  auccessfuL  Everything  must  be  done  in 
ordw,  proper  records  must  be  kept,  necessary  rules  enforced, 
and  the  details  of  the  orgauisatiDn  eo  arranged  that  each  in- 
dividoal  knows  his  duty  thoroughly  and  does  it  effectively. 

One  book  which  is  neglected  in  some  offices,  but  whkb  the 
Author  has  found  to  be  of  great  value  when  properly  kept,  is 
the  "  Call  Book." 

To  ensure  proper  attention  being  given  to  this  the  Author 
has  devised  a  special  form  of  book  very  similar  to  that  &om 
which  the  Poet .  Office  receipt  slips  for  registered  letters  are 
issued.  Each  page  contains  eight  perforated  slips,  each  about 
6  inches  by  Ij^  inch,  and  arranged  one  below  the  other. 
These  pages  are  interleaved  with  tissue  paper,  upon  which,  by 
means  of  a  carbon  sheet,  a  copy  is  recorded  of  anything  written 
on  the  slips  constitnting  the  preceding  page.  Upon  each  slip  is 
printed  the  heads : 

D»t8 Time 


Been  by— 


A  clerk  in  the  general  office  fills  in  the  particulars,  and  hands 
the  slip  to  the  member  of  the  staff  whom  the  caller  wishes  to 
interview.  Srief  notes  of  the  substance  of  the  conversation  are 
made  npon  the  back  of  the  slip,  which  is  then  filed.  The 
Author  has  found  this  system  very  effective  and  uaefoL 

A  laxgi  number  of  the  books  used  in  the  Author's  depart- 
ment are  arranged  on  the  "  manifold  "  principle.    For  instance, 
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eacb  of  the  derks-of-worla,  foremea  and  mspeotors  is  provided 
with  a  piinted  manifold  report  book,  and  is  required  to  send  to 
the  office  a  daily  report  containing  such  particulars  as  the 
number  of  men  employed,  the  work  completed  and  in  hand,  and 
other  details.  These  reports  are  filed  as  received,  and  the  book 
is  returned  to  the  office  when  full  or  when  a  contract  is  com- 
pleted, thus  providing  a  complete  and  permanettt  record  (^  the 
work.  A  form  from  a  small  special  report  book,  printed  on 
pink  paper,  is  used  when  reporting  any  matter  of  special 
importance  or  nrgency.    This  attracts  immediate  attention. 

All  letters  received  are  filed  on  Shannon  files,  together  with 
a  carbon  copy  of  the  r^ly  sent  The  latter  is  also  copied  in  an 
ordinary  letter-book.  By  this  system  the  whole  of  the  corre- 
spondence relatiDg  to  a  given  subject  can  be  collected  together  in 
a  short  time. 

It  is  important  that  the  wages  apportionment  book  shoold 
he  veiy  fully  divided,  and  that  it  shotdd  be  regularly  and  care- 
fully entered  np.  The  Author's  apportionment  book  contains 
upwards  of  sixty  columns,  and  although,  peiiiaps,  it  is  somewhat 
cumbersome,  it  is,  nevertheless,  exceedingly  useful. 

The  Author  has  found  that  much  time  is  saved  by  making  as 
much  use  as  possible  of  the  printer.  By  doing  so,  much  un- 
necessary writing  of  a  repetition  kind  is  avoided,  and  often 
greatw  accuracy  is  obtained. 

Each  foreman  is  provided  with  a  "manifbld"  requisition 
book,  from  which  reqnisitionB  are  sent  to  the  office,  ^ese  are 
examined,  and,  if  approved,  oonntersigned  by  the  engineer. 

No  orders  for  goods,  are  issued,  except  upon  official  order- 
forms,  to  which  are  attached  printed  invoice-forms,  which  must 
be  returned  by  the  sappliers  as  soon  as  the  order  is  executed. 
This  invoice  most  be  signed  by  the  person  receiving  the  goods, 
and  after  being  checked  by  the  diief  clerk,  it  is  certified  by  the 
engineer  before  being  passed  to  the  borough  accountant  for 
submission  to  committee. 

A  "  general  record  "  book,  if  properly  kept,  will  be  found  of 
great  convenience  for  reference.  lliQ  book  should  contain,  in 
concise  form,  particulars  of  the  various  works  under  the  control 
of,  or  constructed  by,  the  engineer's  department 

For  instance,  the  size,  stroke,  revolutions,  capacity,  cost,  age, 
and  other  information  in  regard  to  various  engines,  pumps,  and 
other  machinery  should  be  given,  also  the  nnmber  and  character 
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of  lamps,  Bta^t  trees,  hydrants  and  standpipes  of  Tarious  kinds ; 
the  length  of  tramway  track,  size  and  weight  of  rails,  points, 
fish-plates,  bolts,  bonds,  and  so  on. 

Bj  having  informatioii  of  this  kind  always  at  hand,  in  a  form 
convenient  for  quick  and  easy  reference,  much  valuable  time 
will  be  saved. 

An  important  section  of  a  municipal  engineer's  department 
is  the  drawii^  office,  which,  at  Southend,  is  placed  under  the 
immediate  supervision  of  the  chief  engineering  assistant. 

After  each  council  and  committee  meeting,  particulars  of 
the  drawings,  etc,  required  are  entered  in  a  "  drawing  office 
instruction  book,"  and  it  is  the  duty  of  the  chief  engineering 
assistant  to  see  that  these  are  prepared,  and,  when  allocatiDg 
the  work,  to  enter  into  the  book  tie  following  particnlars,  viz.; — 

(1)  Description  of  work. 

(2)  Date  of  instruction. 

(3)  When  required. 

(4)  Name  of  draughtsman. 

(5)  Date  commenced. 

(6)  Date  completed. 

In  most  cases  when  a  drawing  has  been  prepared  in  pencil, 
a  linen  tracing  is  taken,  and  from  this  are  mftde  photo-prints 
as  required,  the  drawing  being  finished  off  afterwards. 

Every  drawing  is  numbered  and  indexed  as  soon  as  it  is 
commenced,  and,  on  completion,  is  filed  in  the  plan  room.  The 
tracings  are  carefully  preserved,  so  that  photo  copies  can  he 
taken  at  any  time,  if  and  as  required. 

Plans  deposited  in  respect  of  proposed  new  streets  and 
buildings  are  filed  in  linen-lined  envelopes.  These  are  12  inches 
by  5  inches,  each  containing  one  set  of  plans,  particulars  of 
which,  with  the  date  deposited,  date  approved,  official  number, 
etCL,  are  entered  on  the  front  in  spaces  provided  for  the  purpose. 
Each  of  the  drawings  is  also  marked  with  the  official  number, 
and  stamped  with  the  date  received.  The  numbers  run  conse- 
cutively,  and  the  envelopes  are  filed  in  pigeon-holes  side  by 
side  in  that  order.  Each  pigeon-hole  has  marked  below  it  the 
first  and  last  number  contained  therein,  so  that  by  reference  to 
the  index  book  any  plan  can  be  fo\md  in  a  few  moments. 

In  Uie  Author's  borough  the  drains  of  every  new  house  are 
twice  tested — first  by  water  before  they  are  covered  in,  and 
again,  on  the  completioQ  of  the  building,  by  smoke.    The 
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building  inspectors  are  reqtiiied  to  enter  regularly  in  a  book 
provided  for  the  poipose,  a  complete  record  of  all  visita  paid  to 
new  buildings,  with  particulars  of  the  size  and  inclination  of 
drains,  nature  of  foundation,  size  of  timbers,  and  other  details 
of  importance. 

As  an  adjnnct  to  a  drawing  office,  a  camera  is  most  nseful. 
The  Author  makes  it  a  practice  to  keep  a  photographic  record 
of  every  job  of  importance.  The  phob^raf^  are  taJcen  during 
the  progress  of  the  work  at  r^ular  intervals,  and  the  negatives 
are  carefully  dated  and  indexed.  A  large  number  of  [dioto- 
graphs  are  also  taken  from  time  to  time  in  connection  with 
building  prosecutions,  and  other  litigation,  and  to  assist  in 
meeting  objections  under  the  Private  Streets  Works  Act,  and 
other  statutes. 

In  most  towns  of  any  importance  it  is  now  usual  to  have 
annual,  biennial,  or  triennial  contracts  for  the  supply  of  stores 
of  various  kinds,  and  of  team  labour.  This  system  is  probably 
the  best  yet  devised,  although  it  is  not  free  from  imperfections. 

It  is  essential  that  specifications  and  contracts  should  be 
drawn  with  the  greatest  care  and  exactness,  and  that  all  goods 
should  be  thoroughly  examined  and  tested  on  delivery,  as,  un- 
fortunately, there  are  a  number  of  firms  who  make  it  a  practice 
to  tendw  at  cutting  prices  for  the  supply  of  goods  of  tMs  kind, 
and  who,  having  secured  the  contract,  endeavour  to  make  it  pay 
them  by  procuring  the  acceptance  of  the  most  inferior  and  un- 
reliable materials. 

Inferior  picks  of  foreign  manufacture,  bolts  and  nuts  of  low 
grade  iron  that  fiacture  under  the  slightest  pressure,  brooms  of 
the  "  best  Bahia  bass  "  («U)  that  wear  out  in  a  week,  castings 
of  maximum  weight  and  minimum  quality,  and  many  other 
articles  of  the  cheap  and  naaty  kind,  most  of  which  can  only  be 
detected  by  experienced  men  after  careful  examination  are  in- 
stances of  this. 

The  contractor  knows  that  in  many  cases  the  materials  are 
required  for  immediate  use,  and  that,  if  not  too  obviously  wortli- 
less,  they  are  likely  to  be  accepted  to  avoid  the  inconvenience 
and  delay  which  would  be  occasioned  by  tbeir  rejection. 

The  Author  has  endeavoured  to  meet  the  difficulty  to  some 
extent  by  stipulating  that  the  contractor  shall  repay  to  the 
Corporation  the  cost  incurred  by  them  in  receivii^  testing,  and 
returning  rejected  goods,  and  that,  in  additioD,  the  engineer 
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shall  be  entitled  to  purchase  elsewhere  materials  equal  to  the 
qoalitj  specified,  in  place  of  the  rejected  goods,  and  to  chaige 
the  extra  cost  to  the  contractor.  These  oonditicois,  if  sttictlj 
enforced,  have  a  very  beneficial  efTeot. 

Samples  of  each  article  to  be  included  in  the  contract  are 
provided  for  the  inspection  of  persons  tendering,  and  this  saves 
much  Bubsequeiit  difficulty,  though  it  does  not  entirely  [OBveiiG 
disputes. 

One  of  the  most  tronbleaome  contracts  is  Uiat  for  the  supply 
of  team  labour.  It  is  hardly  practicable  to  provide  a  sample 
horse  and  driver,  and  the  difficulty  is  not  generally  in  regard  to 
the  carts  supplied. 

The  AaUior  has  found  the  osnal  clause  as  to  the  rejection  vS 
inferior  horses  quite  inefiectnaL  Assume  for  instauce,  that  half 
a  dozen  horses  are  rejected  on  arrival  in  the  morning.  They  are 
sent  back  to  the  contractor,  whose  only  loss  is,  say,  &om  half 
an  hour  to  an  hour  on  each  horse.  On  the  other  hand,  the 
work  of  the  Ccorporation,  having  been  previoudy  arranged  for 
the  day  on  the  assumption  that  the  six  hired  horses  refrared  to 
would  be  available,  is  disorganised  and  dirown  into  confusion, 
and  portions  have  to  be  neglected,  because  by  the  time  the  de- 
fective horses  have  been  discovered  and  sent  home  it  is  too  late 
to  obtain  suitable  substitutes  elsewhere. 

In  consequence  of  this  difBculty,  the  Author  has  intiodnced 
into  his  specification  a  clause  stipulating  that  the  contractor 
shall  forfeit  the  sum  of  2*«.  Qd.  in  respect  of  every  horse  rejected. 

This  has  had  a  most  satiafoctory  eSect,  as  only  those  firms 
who  are  able  and  willing  to  supply  proper  horses,  caie  to  snbmit 
tenders.  With  such  a  clause,  consistentJy  enforced,  there  is  no 
temptation  to  others  to  tender,  and  in  consequence  the  rejections 
are  now  practically  nil. 

Of  course,  the  rates  charged  are  somewhat  higher,  but  tins 
extra  cost  is  covered  many  times  over  by  the  higher  quality  and 
greater  quantity  of  tiie  work,  for  in  this  respect,  as  in  most 
others,  the  beet  is  the  cheapest 

The  Author  includes  as  much  work  as  possible  under  the 
piece  work  or  "  mileage "  part  of  the  contract,  as  he  finds  that, 
where  the  quantity  of  the  material  to  be  carted  can  be  accurately 
ascertained,  the  work  is  generally  done  cheaper  and  more 
promptly  when  the  contractor  is  paid  a  fixed  price  per  unit  of 
measurement  or  weight  according  to  the  distance  carted. 
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Before  commenciiig  work  each  carmaii  receives  a  time  sheet, 
upon  which  he  most  enter,  during  the  day,  the  particulars  of 
materials  carted,  with  the  times  of  arrlTal  and  departure.  A 
column  is  provided  for  the  statures  of  the  sender  and  receiver 
of  the  respective  loads.  When  a  large  number  of  horses  and 
carts  are  hired,  some  means  of  identificatiou  should  be  provided. 
The  Author  causes  to  be  issued  to  each  hired  driver,  before  he 
leaves  the  depot  in  the  morning,  a  nnmbered  badge  which  he  is 
required  to  strap  to  the  off  shaft  of  his  cart  This  badge  must 
not  be  removed  antil  the  day's  work  is  completed,  and  must 
then  be  handed  in  with  the  time  sheet  for  the  day.  The  driver 
is  then  given  a  ticket,  upon  which  appears  the  time  he  has 
worked  and  nature  of  employment,  such  ticket  being  signed  by 
the  foreman  or  time-keeper.  The  contractor  knows  that  he 
should  receive  a  ticket  of  this  kind  from  each  of  his  carmen  em- 
ployed by  the  Corporation,  and  that  he  will  not  be  paid  for  more 
time  tiian  the  ticket  indicates. 

UnfoTtonately,  municipal  work  of  the  oharact«r  just  referred 
to,  varies  so  mudi  Uiat  most  authorities  find  it  impracticable  to 
-own  all  the  horses  they  require ;  but  from  the  Author's  experience, 
he  is  of  opinion  that  it  is  generally  in  the  interest  of  the  aul^rity 
t«  keep  as  many  horses  as  the^  can  continuously  employ,  and  to 
have  none  but  the  best.  Iliis  s^tem  conduces  towards  efficiency 
and  economy.  The  men  are  as  a  rule  of  a  higher  grade  than 
those  sent  out  by  a  contractor,  who  often  hires  casual  labour,  and 
they  are  more  efiectively  controlled. 

One  of  the  Anthor's  most  important  contracts  is  that  for  the 
supply  of  stoneware  drain  and  sewer  pipes.  The  Southend 
Corporation  purchase  direct  &om  the  maker  all  pipes  of  this 
kind  required  for  use  in  their  works,  and  issue  them  to  the  con- 
tractor where  one  is  employed.  The  pipes  are  required  to  be 
delivered  at  the  Corporation  depot,  where  they  are  thoroughly 
examined  and  tested  before  being  accepted.  ITnder  this  system 
it  is  possible  to  make  a  more  effective  examination  of  the  pipes 
than  if  they  were  supplied  by  the  contractor,  and  sent  directly 
on  to  the  works.  !nie  cost  of  delivery  to  the  depot  is  m(n« 
than  covered  by  the  saving  which  results  from  doling  direct 
with  the  maker. 

Tender  forms  for  pipes,  ironmongery,  tools,  cast  and  wrought 
iron,  and  other  contracts  covering  a  large  number  of  items,  con- 
tain a  fixed  schedule  of  prices,  and  persons  tendering  are  required 


Dig-izedbyGOOgk-  — 


330  ADMINISTRATION   BY   MUNICIPAL  ENGIHEEItS. 

to  state  in  their  tenders  the  percflntage  above  or  below  these 
schedule  prices  at  which  thej  are  prepared  to  supply.  This 
facilitates  comparison  and  saves  couBiderable  trouble  in  allotting 
the  contracts,  and  it  is  less  open  to  the  objection  that  those  who 
are  familiar  from  experience  with  the  quantities  generally  osed 
have  an  advantage  in  tendering.  The  harness  contract  is 
divided  into  two  parts.  The  first  includes  the  repair  of  all 
harness  in  use  In  the  stables  at  a  fixed  price  per  hoise  per  annum, 
based  upon  the  average  numher  of  horses  sleeping  in  the  stables 
during  each  quarter.  The  second  portion  includes  new  harness 
and  sundries,  such  as  halters,  bandages,  brushes,  combs,  nose- 
bags, composition,  and  other  minor  requirements. 

Probably  many  of  those  present  have  experienced  more  or 
less  di£Bculty  in  securii^  the  prompt  rendering  of  accounts 
payable  by  an  authority.  The  Author  includes  in  all  his  con- 
tracts a  clause  stipulating  that  accounte  shall  be  delivered  by 
the  second  day  of  each  month  for  the  goods  supplied  and  work 
done  during  the  preceding  month.  Failure  to  comply  with  this 
requirement  results  in  a  deduction  of  5  per  cent,  being  made. 

It  has  often  occurred  to  the  Author  that  something  might  be 
done — possibly  by  this  Association — to  provide,  at  a  reasonable 
cost,  analytical  reports  and  expert  advice  as  to  the  quality  of 
various  materials  used  in  corporation  work.  The  Author  refers 
more  particularly  to  such  materials  as  engine  and  other  oils, 
paints,  red  and  white  lead,  petroleum  for  lighting  and  for  use  in 
iutemal  combustion  engines,  disinfectants,  varnishes,  creosoteand 
other  materials,  which  only  a  qualified  chemist  can  properly  test 

Buyers  of  such  materials  are  undoubtedly  exposed  to  mnch 
fraud,  and  the  matter  is  certainly  of  great  importance  to  local 
authorities.  Portland  cement,  stoneware  pipes  and  a  few  others 
are  generally  the  only  materials,  the  testing  of  which  engineers 
themselves  undertake,  and  unless  samples  of  the  other  materials 
supplied  are  submitted  to  a  qualified  expert  irom  time  to  time 
for  examination,  the  authority  is  likely  to  suffer  aerioos  loss. 
Anyone  who  has  had  mnch  experience  in  the  use  of  engine  oils; 
for  example,  knows  what  an  enormous  difference  there  is  in  the 
intrinsic  value  of  various  samples  of  this  material ;  and  how 
difficult  it  is,  without  an  analytical  report,  to  establish  adultera- 
tion and  iraud.  The  Author  is  in  the  habit  of  obtaining 
analytical  reporta  in  respect  of  samples  of  mortar,  tekea  onder 
the  building  by-laws ;  and  in  c<mnection  with  any  important 
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paiDting  contracts  he  always  specifies  that  the  whole  of  the 
white  lead  shall  be  delivered  on  the  works  at  one  time,  so  that 
he  may  take  samples  from  the  bulk  for  analysia.  This  pro- 
cedure is  also  adopted  in  regard  to  some  other  materials. 

Much  has  been  wiitten  and  said  lately  in  regard  to  the 
**  burden  of  the  rates."  As  municipal  engmeers  are  responsible 
for  a  large  proportion  of  the  expenditure  of  the  local  authorities 
thronghout  the  country,  the  amount  of  these  rates  must  be 
influenced  to  an  appreciable  extent  by  the  efficiency  or  other- 
wise of  the  engineer's  administration.  The  whole  subject  is 
undoubtedly  of  considerable  importance;  and  although  as  an 
Association  it  is  not  our  province  to  discuss  the  political  or 
economic  aspects  of  the  question,  it  is  both  oar  duty  and  our 
interest  to  do  all  in  our  power  to  prevent  wasteful  or  unneces- 
sary expenditure,  and  to  see  that  the  ratepayers  receive  full 
value  for  their  money. 

To  effect  this,  it  is  necessary  that  every  item  of  expenditure 
should  be  carefully  watehed,  and  the  greatest  care  taken  to 
prevent  slackness  in  any  department. 

The  Author  finds  that  the  simplest  and  most  effective  method 
of  doing  this  is  by  means  of  what  he  may  term  "expenditure 
charts."  Enlarged  copies  of  some  of  the  charta— kept  in  his 
office — are  before  the  meeting.  Practically  every  branch  of 
expenditure  by  the  Author's  department  is  now  the  subject  of  a 
chart  of  this  kind.  It  will  be  observed  that  upon  the  chart 
relating  to  the  removal  of  house  refuse  are  plotted  curves, 
representing  the  variation  in  the  total  cost  of  the  work  month 
by  month  and  the  relative  cost  of  manual  and  team  labour, 
also  the  number  of  men  and  horses  engaged ;  and  what  is  called 
the  "  estimate  line,"  which  represents  the  amount  allowed  in  the 
estimate  for  the  year  spread  evenly  over  the  whole  period ;  and 
a  "population  curve,"  which  indicates,  for  comparison,  the 
growth  of  the  population. 

On  the  "  scavenging "  chart  are  plotted  the  manual  labour 
curve,  team  curve  and  total  expenditure  curve,  as  well  as  the 
estimate  line  On  the  "steam  rolling"  chart  are  plotted  the 
number  of  days  worked  and  the  cost  of  fuel,  etc,  and  on  the 
"pumping  station"  chart  the  curves  represent  the  gallons 
pumped,  gas  consumed,  and  lain&lL 

A  glance  at  any  one  of  these  charts  is  sufficient  to  show  how 
the  cost  compares  with  the  estimate,  and  to  enable  the  engineer 
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to  detect  and  investigate  immediately  any  appreciable  Toriation 
in  the  former.  The  reason  for  such  vaiiation  ib  noted  on  the 
chart,  so  that  should  it  be  found  at  the  end  of  the  year  that  the 
estimate  has  been  exceeded,  an  explanation  can  at  once  be  given. 
The  chart  is  also  of  value  in  connection  with  the  preparation  of 
estimates  for  the  ensuing  year. 

In  regard  to  expenditure  on  new  works,  carried  out  by 
direct  labour,  a  prime  cost  book  is  kept.  This  is  not  only  i^ 
great  help  in  connection  with  the'  preparation  of  estimates,  but 
it  also  enables  the  engineer  to  follow  closely  the  cost  of  various 
jobs  during  their  progress. 

The  Author  has  found  it  convenient  to  have  tw6  or  three 
sets  of  the  general  conditions,  specification,  and  quandLies, 
relating  to  the  various  contracts  in  hand,  bound  up  in  cbsa^ 
covers,  aa  soon  as  they  are  received  from  the  printers. 

After  the  acceptance  of  a  tender  the  copies  of  the  quantities 
are  priced  out,  and  the  whole  of  the  documents  relating  to  any 
contract  are  thus  available  for  reference  at  any  time. 

The  Author  also  has  several  sets  of  the  annual  tenders  for 
stores  and  cartage  bound  in  a  similar  manner,  and  priced  out  as 
soon  as  the  contracts  are  let  This  is  found  a  great  convenience 
in  checking  accounts,  and  for  reference  generally. 

The  efficient  scavenging  of  a  town  is  now  recognised  as 
having  an  important  influence  upon  the  health  of  tlie  inhabit- 
ants. In  organising  this  work,  it  is  well  to  divide  the  town  into 
districts,  and  to  appoint  to  each  a  sufficient  number  of  scavengers 
to  work  under  ^e  direction  of  a  district  foreman.  "Where 
possible,  each  district  foreman  should  be  provided  with  s  small 
office  or  depot,  &om  which  his  men  can  start  work,  and  where 
brooms,  tools,  books,  and  other  accessories  can  be  kept.  A 
drawing  of  t^e  district  office  used  for  this  purpose  at  SoutlieDd 
is  before  the  meeting.  It  vrill  be  observed  that  it  is  aboat  7 
feet  by  5  feet,  and  6  feet  6  inches  high,  with  a  desk  st  one  &ai 
and  a  cupboard  to  contain  the  foreman's  books. 

It  is  convenient,  economical,  and  satisfactory  to  make  each 
district  foreman  responsible  for  reporting  each  matters  as  the 
following,  viz.  damage  to  carriage-ways,  footpaths,  street  trees, 
or  tree-guards,  overhanging  trees,  obstructions,  defective  guUeya, 
and  other  matters  of  a  like  character. 

In  towns  where  a  large  nmnber  of  street  trees  have  been 
planted,  it  is  advisable  to  keep  scavengers  supplied  witb  a  small 
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qitantit;  of  yam,  and  to  instract  them  to  tie  up  any  trees  tbst 
may  have  become  imflecnred.  By  this  means  valn&ble  trees 
may  often  be  saved.  Another  matter  for  which  the  Anthor  finis 
it  of  advantage  to  make  the  district  foreman  responsible,  is  that 
of  openings  in  public  roads  and  footpaths.  I^bably  most  of 
thoee  present  havB  had  more  or  less  tronble  in  dealing  with  this 
matter,  and  have  BoSered  both  in  time  and  temper  by  having 
roads  disturbed  immediately  after  they  have  been  nicely  made 
ap  and  repaired. 

In  the  Author's  borongh,  every  person  who  desires  to  open 
a  public  road  or  path  is  leqaired  to  pay  a  deposit,  and  to  sign  a 
printed  form  containing  an  undertaking  to  execute  tJie  work 
expeditiously  and  with  caie,  and  to  be  responsible  for  the  light- 
ing, guarding,  and  condition  of  Urn  trench,  and  for  the  restoration 
thereof,  and  for  any  accident  or  damage  caused  thereby. 

Deposits  in  respect  of  carriage-way  openings  are  returned 
after  the  expiration  of  six  months,  if  the  road  surface  has  been 
properly  restored  and  maintained  in  a  satisfactory  condition 
during  that  period.  The  deposits  in  respect  of  openings  in 
footpaths  are  retained  by  the  Corporation,  who  insist  upon 
executing  all  repaving  work  by  their  own  ataS. 

Before  maku^  up  a  road,  or  executing  any  extensive  repairs, 
it  is  the  Author's  practice  to  give  notice  of  bis  intention  to 
the  gas  and  water  companies,  and  others  having  mains,  etc.,  in 
the  road,  with  the  request  that  they  will  carry  out  any  altera- 
tions or  extensions  of  their  plant  they  may  have  in  contempla- 
tion, before  the  road  works  are  commenced.  This  often  results 
in  a  saving  both  to  the  ratepayers  and  to  the  company  affected. 

Each  of  the  district  foremen  is  supplied  every  morning  with 
a  list  of  the  openings  sanctioned  in  his  district  on  the  p«vious 
day,  and  it  is  his  duty  to  raport  immediately  any  unauthorised 
openings  or  dangerous  tienchea. 

In  many  towns  considerablB  difficulty  is  experienced  in 
disposing  of  road  sweepings,  and  irequently  they  have  to  be 
conveyed  long  distances.  Street  orderly  bins  are  in  common 
use  as  temporary  receptacles  for  road  sweepings,  which  are  col- 
lected at  intervals  by  ordinary  carts.  It  has  always  appeared  to 
the  Author  Uiat  these  bins  are  open  to  grave  objection.  They  are 
obstructive,  unsightly,  and  insanitary.  They  are  not  economical, 
because  their  contents  have  to  be  handled  two  or  three  times ; 
they  cannot  be  kept  thoroughly  clean,  and  are  in  consequence 
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often  moat  ofTaDsiTe.  These  objectiona  led  theAathor  to  devise 
a  syatem  for  the  collection  and  removal  of  road  aweepiogs.  A 
abort  deacription  of  it  may  be  of  some  interest  to  the  Membeis 
of  this  AasodatioD,  aa  in  practical  work  at  Sonthend  it  haa  been 
found  to  give  very  satisfactory  reaolta. 

Fcff  the  collection  of  the  aweepings,  there  are  made  in  the 
Corporation  workshops  specially  designed  hand-carts — an  illus- 
tration of  one  of  wfaidL  is  before  the  meeting.  It  will  be 
observed  that  the  cart  is  provided  with  two  fairly  large  wheels 
and  one  small  one.  It  is  also  provided  with  a  movable  handle, 
and  can  when  loaded  be  pushed  and  drawn  by  one  man,  on  foirly 
level  ground.  It  is  ao  arranged  that  Uie  handle  may  be  replaced 
by  a  pair  of  shafts,  the  latter  fitting  into  sockets  on  each  aide. 
A  hopper  is  provided  in  each  side  for  the  leception  of  the 
sweepings.  The  cart  has  a  sloping  bottom,  which  enables  the 
contents  to  be  dischai^ed  without  difficulty,  when  the  hinged 
back  is  opened.  The  method  of  operating  the  system  is  as 
follows.  A  number  of  the  carts  are  distributed  throughout  the 
town,  and  are  moved  along  the  streeta  by  the  acavangers,  aa  they 
sweep  and  collect  the  refuse.  A  sufficient  number  of  l^ht  van 
horses  or  cobs  are  provided  for  the  conveyance  of  the  carts  to 
the  tip.  Each  horse,  after  receiving  a  loaded  cart  from  a  gang 
of  scavengers,  conveys  it  to  the  tip,  where  its  contents  are 
discharged.  The  cart  ia  then  taken  to  another  gang,  and 
exchanged  for  the  full  one,  which  is  dealt  with  as  described. 
The  carte  follow  round  in  rotation  throughout  the  day  from  one 
gang  to  another.  The  principal  advantages  of  the  system  are 
rpiniTn^im  cartage,  minimum  handling,  and  minimum  period  of 
8t(mige. 

The  subject  of  street  watering  has  been  mach  dlscossed 
lately,  as  a  result  of  the  introduction  of  various  preparations 
alleged  to  possess  the  quality  of  preventing  dust. 

The  Author  must  admit  that  his  own  experience  has  not 
very  favourably  impressed  him  in  r^ard  to  the  efBciency  of 
these  dast-layers. 

By  their  use  the  dust  is  certainly  kept  down  longer  than  by 
the  use  of  water  alone,  but  there  appears  to  be  a  tendency  to 
exaggerate  their  capabilities  in  this  direction,  and,  in  the 
Author's  opinion,  the  cost  must  be  greater  than  usually  stated. 

Apart,  however,  £rom  any  question  of  expense,  there  is,  in 
the  Author's  opinion,  much  to  be  said  in  favour  of  the  nse  of 
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water  alone  aa  a  dust-laying  agent.  In  a  thoroughfare  used  to 
ftny  appiedable  extent  by  Tohiculai  traffic,  there  nmst  be,  even 
on  the  most  impervioua  surface,  a  more  or  less  constant  de- 
posit of  ofTensive  matter,  vhich  is  quickly  ground  to  fine  par- 
ticles by  the  passage  of  the  traffic,  and  which,  in  dry  weather, 
becomes  dost  of  a  highly  dangerous  and  unpleasant  kind,  unless 
the  road  is  kept  in  a  moist  condition.  This  can  only  be  done  by 
constant  watering,  which  not  only  prevents  dnst,  bat  also 
cleanses  the  road  surface.  In  addition  to  this,  the  water  cools 
the  air  and  increases  its  humidity — two  effects  which  are  both 
pleasant  and  bealthfuL  This,  of  course,  ia  of  special  impor- 
tance in  residential  districts. 

The  maintenance  and  repair  of  roods  and  streets  is  a  subject 
that  has  been  dealt  with  exhaustively  on  several  occasions,  so 
that  the  Author  will  refer  but  briefly  to  the  matter.  During 
the  last  few  years  the  standard  of  quality  in  regard  to  roads 
has  rapidly  risen,  and  there  appears  every  probability  that 
future  demands  in  this  respect  will  be  even  more  exacting. 

In  regard  to  toad  maintenance,  the  Author  has  found  that 
^e  highest  efficiency  and  greatest  economy  are  attained  by 
making  the  district  foremen  personally  responsible  for  the 
condition  of  the  roads  in  their  respective  districts.  It  should 
be  the  duty  of  the  district  foreman  to  attend  promptly  to  any 
patching  and  repairs,  and  he  should  be  provided  for  the  purpose 
with  sufficient  suitable  material  at  convenient  positions  in  his 
district.  For  macadam  roads  the  patching  material  should  be 
small,  and  the  work  should  be  careMIy,  skilfully,  and  r^ularly 
executed.  If  this  is  done  the  life  of  the  roads  wUl  be  very  much 
extended.  They  will  wear  more  evenly,  the  coacnssion  resolting 
from  the  passage  of  traffic  over  an  excessively  rough  surface  will 
be  avoided,  and  water  will  pass  ofif  mote  quickly. 

The  labonr  question  is  one  of  great  importance  to  local 
authorities,  especially  having  r^ard  to  the  tendency  to  increase 
the  proportion  of  work  executed  by  direct  labour,  in  conse- 
quence of  which  a  larger  number  of  towns  employ  a  considerable 
staff  of  workmen  of  various  grades,  the  wages  biU  frequently 
reaching  10,0002.  to  20,000/.,  or  even  more  per  annum.  The 
municipal  engineer  has,  therefore,  in  addition  to  his  other 
duties,  to  manage  and  direct  an  extensive  and  important 
business  undertaking. 

Success  in  this  direction  can  only  be  attained  by  the  efficient 
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oi^am&ation  and  strict  supervision  of  l&bonr,  and  by  tlie  poases- 
sioo  of  ttorough  ezperienca  of  tlie  volne  and  character  of 
materiala  and  plant.  It  is  somevhat  difficult  to  deal  generally 
iritl)  the  question  of  oi^^anisation,  as  each  town  most  be  con- 
sidered, to  a  great  extent,  on  its  own  merits,  in  view  of  its 
special  circomstances  and  local  conditions.  Ferhaps  the  most 
important  principle  of  general  application  is  that  of  individual 
responsibility.  As  far  as  possible  each  man's  duties  shonld  be 
clearly  defined,  and  he  should  he  given  as  much  work  as  he  can 
efBciently  perform — but  no  more.  It  is  generally  foond  that 
the  best  results  are  obtained  by  placing  one  man  in  charge — 
under  the  engineer — of  the  whole  of  the  outdoor  work.  Under 
this  one  man  are  district  and  depot  foremen  and  inspectors  in 
charge  of  various  sections  of  work,  and  they,  in  their  torn,  are 
assisted  by  sub-foremen  and  gangers.  The  appointment  of  a 
supreme  head  promotes  co-ordination,  prevents  &ictioQ,  and 
saves  waste  of  labour  and  materials. 

The  Author  is  aware  t^at  in  some  towns  this  principle  is 
not  followed.  The  work  is  divided  into  a  number  of  more  or 
less  separate  and  independent  departments.  For  instance,  one 
man  is  in  charge  of  road  work,  another  of  scavenging,  another 
of  the  collection  of  house  refuse,  and  so  on. 

Such  an  arrangement  most,  in  the  Author's  opinion,  militate 
against  efficiency,  and  result  in  more  or  less  waste.  It  means, 
probably,  that  carts  are  often  loaded  one  way  when  they  might 
be  loaded  in  both  directions;  that  one  department  will,  at 
times,  be  paying  for  the  removal  and  disposal  of  material 
which  would  be  of  value  to  another  department ;  and  that  on 
occasions  there  is,  in  one  department,  a  temporary  overplus 
and  consequent  waste  of  labour  which  might  have  been  profit- 
ably employed  elsewhere. 

In  dealing  with  tiie  subject  of  this  paper,  the  Author  must 
necessarily  refer  frequently  to  his  own  experiences  and  to  the 
administration  of  his  own  department,  bnt  he  does  not  wish  to 
suggest,  by  so  doing,  that  in  hia  opinion,  either  of  these  is  by 
any  means  perfect.  He  merely  hopes  that  what  he  has  ssid 
may  be  sufficient  to  promote  a  discussion  which  will  be  valuable 
to  all,  and  &om  which  he  himself  will  be  able  to  gather  much 
that  will  assist  him  in  the  conduct  of  his  work. 


DigizedbyGOOgle 


Discossiosr. 


blSCtSSIOK 


•The  PbbbiO^Ht  :  t  do  not  think  it  wants  any  *ottli  from 
me  to  emphasise  the  necessity  of  harltig  a  propef  Bystem  of 
catrying  ont  the  administration  of  the  work  of  a  municipal 
offica  Mr.  Elford  faaa  gone  into  the  Methods  hf  Which  he  en- 
deaVonrs  to  keep  the  ezt>eiisea  vithin  proper  Umito.  He  shows 
diagrams  how  from  week  to  week  ezpenditnre  compared  with 
estilnates,  and  with  ptevioos  yeatSj  ftnd  how  it  Varies  according 
to  population  and  other  conditiona.  It  appears  to  me  there  vi 
material  for  a  good  deal  of  disctlasion  in  this  paperi 

Mr.  W.  E.  Bush  l  I  should  like  to  propose  a  hearty  tote  of 
thanks  to  Mr.  Elford  for  his  very  practical  and  useful  paper.  I 
think  that  any  gentleman  who  follows  Mf.  Elfotd  at  ScUtheod, 
will  find  hia  task  very  much  ^aidei  because  of  the  extiellent 
system  of  administfation  which  he  has  introduced  into  the  office 
there.  I  thitik  that  all  of  as  Who  have  aby  experience  of  suo-' 
ceesfnl  coDtractorsj  ot  of  englneeriDg  works,  will  know  that  they 
have  a  somewhat  similar  s^steifl  to  ihat  introduced  by  MT: 
Elford  into  the  working  of  hi§  department.  We  also  notice  it 
Iti  the  gtetA  lailway  and  other  companies.  If  this  system  ob^ 
tains  in  Commercial  e&tetprises,  surely  to-day,  when  the  tedtic^ 
tioD  of  expenditure  Is  oQe  of  the  chief  points  to  vhi«h  municipal 
engineers  have  to  tutn  their  attention,  we  shonld  perfect  our 
system  of  administration.  I  cannot  enter  into  that  part  of  the 
paper  wheft  Mr.  Gilford  refers  to  the  fact  of  having  an  efficient 
&t^.  The  staff  in  my  case  consists  of  myself  and  one  clerk  bo 
fkr  as  the  office  is  concerned,  so  if  I  were  to  go  in  for  these 
digrams  I  dhonld  find  my  time  very  much  occupied.  But  I  do 
believe  that  the  only  way  in  which  we  can  find  out  whether  we 
are  working  our  department  in  the  best  possible  manner  is  by 
adopting  some  system  of  Aicord  books,  so  that  we  0an  see  week 
by  week,  and  month  by  month,  what  is  going  out  in  expenditure; 
Just  lately,  my  waterworlis  committee  have  been  worrying  my 
life  because  they  do  not  think  there  is  a  propef  system  m 
checking  the  expendittlre  on  the  pumping.  My  predecessof 
in  office  succeeded  in  efTocting  a  great  reduction  in  the  Wfttffe 
of  water,  and  now  the  members  of  the  coaneil  think  it  well 
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to  save  ezpBiise  in  ptunping.  So  we  have  started  a  new  system 
of  keeping  a  caiefol  record  of  that.  I  should  like  to  endorse 
what  Mr.  Hlford  has  said  aa  to  keepii^  the  prime  cost  of  work 
carried  ont.  I  had  experience  with  a  large  firm  of  poblic  works 
contractors,  and  I  was  forced  almost  against  my  wLl,  to  keep  a 
very  accnrate  set  of  prime  cost  acoonnts,  which  I  had  to  forward 
to  the  head  office  at  Westmiiuter  at  the  week  end,  and  thi^ 
meant  working  into  the  small  hoars  of  Sunday  morning.  Bat 
when  my  firm  sent  down  a  contract  and  asked  ma  to  price  it,  I 
found  that  the  work  was  infinitely  easier  because  of  the  re- 
turns of  prime  cost  I  had  by  me. 

Mr.  C.  H.  Cooper:  I^have  pleasure  in  seconding  the  vote. 
We  ought  to  be  very  mnch  obliged  to  Mr.  Elford  for  letting 
us  into  the  secrets  of  his  ofKce  in  the  way  ha  has  doue.  The 
appouitment  of  staff  is  a  thing  with  which  one  cannot  take  too 
much  pains.  My  own  staff  has  been  appointed  practically  by 
competitive  examination  except  in  the  case  of  the  office  boy, 
who  is  invariably  the  "  boss  "  boy  of  one  of  the  local  schools. 
Of  course,  there  is  a  good  deal  one  cannot  agree  witJi  in  Mr. 
Elford'fl  p^er.  The  ShaonoD  file,  for  instance,  is  quite  an 
antiquated  way  of  keeping  one's  letters.  As  to  unnecessary 
work,  wo  ace  sadly  hampered  by  the  Local  Government  Board. 
The  wages  book  we  are  compiled  to  keep  is  nothing  more 
nor  less  than  a  useless  form  consuming  no  end  of  time ;  in 
the  case  of  my  wages,  averaging  about  360^.  a  week,  three 
days  are  occupied  by  a  smart  clerk  on  a  nselesa  abstract, 
whereas  by  means  of  an  abstract  sheet,  one  is  enabled  to  get  a 
useful  abstract  in  half  the  time.  As  regards  store  contracts, 
such  contracts  may  be  all  very  well  for  the  Local  Government 
Auditor,  but  for  anyone  like  Mr.  Bush,  who  has  just  spoken, 
I  do  not  think  they  could  advocate  anything  of  the  system  of 
stores  contracts.  We  have  stopped  contracting  for  timber  with 
the  result  that  I  am  aUe  now  to  bay  it  tot  something  like 
61.  per  standard  less,  and  firewood  for  51.  per  core  less  than 
formerly.  As  to  monthly  accounts,  I  do  not  see  bow  it  iM 
.possible  bo  get  in  accounts  two  days  after  the  close  of  the  month. 
Then  the  analysis  of  paint;  I  am  a&aid  that  is  not  going  to 
help  very  mnch.  Paints  are  a  perpetual  troable,  and  partica- 
larly  a  trouble  to  those  who  try  every  new  paint  that  comes  ont 
I  would  advise  them  to  stick  to  white  lead  and  to  see  thai  they 
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get  it.  I  think  the  Aathor  is  perfectly  right  as  to  dust  laying. 
The  proper  watering  of  the  roads,  and  the  removal  of  horse 
droppings,  are  most  important. 

As  to  foremen,  I  do  not  agree  that  it  is  better  to  have  one 
foreman  over  a  department,  than  foremen  in  charge  of  sub- 
departments.  The  great  thing  in  organisation  is  to  see  that 
every  man  has  enough  work  to  do,  and  that  he  does  it  If  you 
have  one  foreman  over  all,  he  has  too  much  to  do ;  he  vants  a 
lot  of  subsidiary  help  between  himself  and  the  acting  foremen, 
and  the  men.  As  to  contracts,  I  do  not  think  anyone  can  be 
too  particular  in  keeping  all  papers  relating  to  contracts. 

As  regards  team  labour,  I  sympathise  with  the  Author.  The 
only  thing  to  do  is  to  have  your  own  horses.  For  instance,  takd 
dost-coUecting  and  road>watering.  Very  often  you  have  to  carry 
heavy  loads ;  in  the  case  of  road  watering  yon  have  450  gslloDS 
of  water  and  a  van  of  2S  cwt,  or  a  total  load  over  3  tons.  If 
you  pat  hired  horses  in  a  wat«r  van  they  very  soon  fiiil,  but 
your  own  horses  do  it  without  difficulty  day  after  day. 

Mr,  R  A.  Maobbaib  :  I  do  not  quite  see  how  it  is  possible 
to  get  a  lair  monthly  average.  It  is  all  very  well  to  take  a 
yearly  estimate,  divide  it  by  twelve,  and  set  against  it  the 
monthly  expenditure,  but  this  does  not  give  accurate  results. 
Take  your  roads  for  instance;  the  expenses  from  October  to 
March  will  be  heaviw  than  the  other  half-year.  Again,  rents, 
rates,  taxes,  and  other  fixed  and  heavy  charges,  come  quarterly 
or  half-yearly;  the  months  without  their  due  proportion  of 
these  items  will  be  unduly  light,  and  those  containing  them  the 
opposite.  I  endeavoured  years  ago  to  carry  out  the  system,  but 
found  it  fallacious ;  half-yearly  it  can  be  done  well,  quarterly 
less  accurately,  but  not  monthly. 

Mr.  H.  E.  Bahber  :  I  think  Mr.  Elford  has  touched  an  im- 
portant point ;  the  desirability  of  an  Association  sach  as  this, 
having  some  more  ready  and  economical  means  of  making  tests 
of  stores  such  as  they  are  compelled  to  use  from  time  to  time, 
and  which  is  a  very  expensive  matter  to  do  when  you  have  to 
refer  those  samples  to  an  analyst  or  expert  It  seems  to  me 
tliat  a  great  Association  like  this  should  have  no  difficulty  in 
fixing  on  a  central  site  in  which  they  could  inaugurate  tbeir 
own  laboratory  and  appoint  their  own  chemist,  and  to  which 
samples  of  stores  could  be  forwarded  for  testing.    That  could  be 
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done  qnite  economically,  and  in  that  vay  yoor  Association 
woold  be  enabled  to  get  the  information  more  cheaply  than  yon 
can  do  it  now,  by  referring  these  matters  to  experts.  I  say  this, 
having  bad  some  yeais  ago  experience  in  one  of  these  laboratories 
in  London.  It  seems  to  me  that  paint,  white  lead,  and  oils,  and 
such  like,  should  be  subject  to  analyses.  As  a  member 
of  the  Standardisation  Committee  on  Cement,  I  realise  that  it  is 
very  important  that  the  methods  of  testing  should  be  carried  on 
in  a  more  uniform  manner.  Notwithstanding  that  every  sur- 
veyor might  foUow  his  own  ideas,  you  would  have  in  your 
central  laboratory,  a  tribunal  to  which  you  might  refer  in  any  case 
arising  between  yourself  and  the  manufactorers  of  cemmt  or  any 
other  material.  It  is  a  great  difficulty  the  manufacturers  have  to 
contend  with,  that  notwithstanding  that  the  cement  is  supplied 
according  to  specification  it  is  found  not  to  be  quite  the  same, 
because  the  methods  of  testing  are  not  uniform.  If  a  central 
laboratory  could  be  founded,  it  would  be  a  great  advantage  to 
your  Association  and  to  the  manufacturers  who  are  supplying  all 
Borte  of  stores  which  you  are  using  irom  week  to  we^. 

The  PbebidEHT  :  I  have  been  keeping  a  check  by  diagrams, 
of  matters  which  could  be  checked,  for  years  past  Within  a 
fortnight  after  wages  have  been  paid,  I  expect  to  find  them  in 
digram  form  in  my  office.  It  takes  the  time  clerks  (two  of 
t^em  working  at  it),  about  half  an  honr  &  week  filling  up  the 
diagrams.  I  think  it  is  t^uite  worth  that  expenditure  of  time. 
As  Mr.  Elford  tells  you,  the  diagrams  exhibited  on  the  wall 
were  made  expressly  for  the  purposes  of  this  meeting.  What 
he  uses  every  week  are  simply  machine-ruled  diagrams  with  the 
headings  filled  in.  As  Mr.  MacBmir  says,  it  is  impossible  to  use 
diagrams  of  this  sort  to  convey  much  meaning  to  a  general  com* 
mittee,  when  dealing  with  work  which  is  done  intermittently. 
Even  these  diagrams  are  useful  for  keeping  before  you  six 
months  to  six  months  what  the  expenditure  is.  It  is  so  much 
easier  to  look  at  and  compare  Unea  than  it  is  to  look  at  and 
compare  lots  of  figures. 

Mr.  £.  J.  Elford,  in  reply,  said :  In  regard  to  the  remarks 
made  by  Mr.  Bush  as  to  the  amount  of  work  entailed  by  the 
preparation  of  the  charts,  I  think  the  President  has  already 
dealt  with  this  point  When  once  you  have  the  necessary 
information,  it  is  a  very  small  matter  indeed.    Once  a  week  or 
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montli  the  charts  have  certain  lines  scaled  on  them,  and  an  hour 
would  do  the  whole  tbii^.  "  Shannon  "  files  may  now  be  con- 
sidered somewhat  old-&^ODed,  bnt  I  still  find  them  very  oaeful. 
As  to  getting  in  accounts,  we  did  find  that  oontractors  and  persons 
supplying  materials  raised  difficulties  at  first,  but  we  now  have 
much  less  trouble  in  this  respect,  and  some  months  we  have  not  an 
account  outstanding  three  or  four  days  after  the  time  specified.  As 
to  the  principle  of  one  foreman,  or  a  number  of  district  foremen, 
I  am  afraid  I  cannot  agree  with  Mr.  Cooper.  I  find  one  supreme 
head  over  the  outdoor  work,  however  big  it  is,  gives  better 
results.  I  do  not  mean  that  a  man  should  go  into  every  detail, 
he  is  not  there  for  that  purpose.  We,  as  chie&  of  our  depart- 
ments, are  not  paid  to  do  Uie  ofQce  boy's  work.  We  are  paid 
at  what  some  people  think  a  high  rate,  to  do  work  which  other 
people  cannot  do  as  well,  and  I  think  the  same  applies  to  ontdoor 
work.  I  find  that  a  man  who  is  competent  to  oi^anise,  and 
to  overlook  and  co-cxdinate  work ;  to  stop  overlapping,  and  to 
bring  all  the  departments  into  unity,  oooomplisheB  more  than  a 
number  of  separate  units  working  quite  independently.  As  to 
the  question  of  stores  oontrocts,  I  do  not  know  how  Mr.  Cooper 
gets  over  the  difficulty  that  the  FubHc  Health  Act  requires  a 
contract  for  every  item  of  expenditure  over  501.  It  seems  to 
me  that  is  one  of  our  greatest  difficnlties.  We  are  often  nnaUe 
to  give  an  order  when  and  where  we  would  like  to,  because  we 
must  advertise  and  have  tenders  and  sealed  contracts.  Ccnpor- 
ations  are  unable  in  this  respect  to  do  what  private  persons 
can  do.  We  have  to  let  everybody  know  our  business.  Mr. 
MacSrair  has  raised  the  difficulty  of  the  iutermittMit  uatwe  of 
expenditure.  We  at  Southend  have  monthly  statements  of  ex- 
penditure. All  OUT  expenditure  accoonts  are  based  upon  out- 
standing liabilities,  not  upon  the  amount  of  cosh  paii^  but  the 
amount  due.  llie  order-book  is  taken,  and  everylMig  ordered 
and  shown  in  the  book  is  included  in  that  month's  estimate,  and 
in  regard  to  the  dia^es  which  are  paid  quarterly  or  half  yearly 
such  as  rates  and  taxes,  the  proportion  of  these  is  tak^t  every 
month  and  added  to  the  liability.  Of  eourse,  unless  that  is 
done  it  is  impossible  to  know  where  yoa  are.  I  qoite  agieei 
with  Mr.  Bomber  as  to  the  importance  of  the  testing  of  cement. 
That  is  a  matter  we,  as  engineers,  proi^  to  know  something 
about,  but  I  think  it  is  only  an  indication  of  the  importance  of 
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the  whole  subject.  We  know  if  we  specify  for,  say,  a  concrete 
floor,  a  cemant  to  stand  a  tensile  stress  of  500  lb.,  and  we  get 
ene  that  will  atand  only  250  lb.,  we  are  not  only  getting  on»- 
half  of  the  value  we  pay  for,  but  we  are  running  a  veiy  great 
risk.  That  also  applies  to  a  greftt  jamy  things  that  we  have  to 
sbtain. 
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ARMOURED  OR  REINFORCED  CONCRETE. 

Bt  PHILIP  H.  PALMER,  M.  Inbt.  C.E. 

Abm ODBXD  concrete  has  been  defined  as  a  heterogeneous  ujaterial 
eonsisting  of  a  matrix  of  concrete  in  which  is  embedded  a  skele- 
ton framework  of  iron  or  steel  Its  use  in  various  forms  of 
oonstmotion  has  been  known  for  many  years,  but  it  is  only 
within  the  last  few  years  that  the  varied  problems  involved 
in  its  use  have  been  thoroughly  studied  and  understood.  On 
the  Continent  and  in  the  United  States  the  progress  has  been 
rapid,  but  in  tbia  country  engineers  have  not,  until  a  compara- 
tively recent  date,  given  that  attention  to  this  work  and  its 
enormous  possibilities  which  it  should  have  received ;  and  the 
Author  is  of  opinion  that  before  many  years  hence,  the  principles 
of  armouring  concrete  will  have  been  fully  appreciated,  and  this 
method  of  constmction  almost  universally  used  in  concrete 
Btructures  for  engineering  purposes. 

The  laws  governing  the  combination  of  concrete  and  steel, 
although  not  absolutely  determined,  are  known  with  sufficient 
exactness  to  permit  the  design  of  nearly  all  classes  of  structures 
with  tiie  assurance — employing  good  material  and  first  class 
superintendence — of  permanent  strength  and  durability. 

The  concrete  itself  plays  a  part  as  important  as  the  steel,  and 
the  variation  in  the  strength  and  elasticity  of  tliis  material  under 
different  conditions  has  sometimes  been  overlooked  in  the  theo- 
retical study  of  the  combination  of  concrete  and  steel.  This  has 
led  to  great  variation  and  apparent  discrepancies  in  tests  made 
in  different  localities  and  with  various  materials  which  have 
been  used  in  the  concrete,  and  has  held  back  the  formulation  of 
the  exact  princii^es  and  laws  of  armoured  concrete. 

Concrete  stroBtores  wliisn  reinforced  with  iron  or  steel  rods 
properly  placed,  develop  a  c^taeity  for  ooirying  loads  or  resisting 
strains  several  times  greater  than  would  be  the  case  without 
reinfoToement.    it  is  evident  that  the  poeitioa  and  natnre-.of  the 
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reinforcement  ia  the  structure  most  conform  to  the  prmciples  of 
mechanics,  so  tiiat  the  ooncrate  shall  be  Btrengtheoed  in  its 
weakest  part;  aod  as  concrete  is  comparatively  veak  in  its 
resistaoce  to  tension  and  shear,  the  reinforcing  metal  should  be 
placed  where  it  will  aid  the  concrete  in  carr^ring  these  stresses. 

The  position  of  the  metal  will  vary  according  as  the  parts  of 
the  stmctuie  ar«  in  compression  or  tension  ;  in  beams,  it  should 
be  as  near  to  the  surface  on  the  tension  side  of  the  beam  as  is 
consistent  with  properly  emb0dding  it  and  pjoviding  a  snffideat 
thickness  of  concrete  to  protect  it  from  the  action  of  heat  or 
weather,  and  to  ensure  that  the  stretching  of  the  tension  anrface 
does  not  result  in  the  formation  of  cracks  lq  the  conor^te. 

As  concrete  is  a  comparatively  brittle  matsrial  and  steel  a 
ductile  one,  jt  is  not  only  necessaxy  to  have  a  proper  quantity 
of  metal  in  the  stnictupe,  but  it  must  be  oorreotly  located  and  of 
good  quality. 

The  modulus  of  eUsUcity  of  ordinary  mild  steel  cannot  aafyHy 
be  fizqd  »t  a  higher  valuo  than  30,000,000  lb-  per  square  inoh, 
altltough  ft^nently  s  value  of  36,000,000  lb.  and  oecaaitmaXljr 
40,000,000  lb.  will  be  found. 

High  ateel,  that  is  steel  oontaining  a  high  peroentoge  c^ 
CBf  bon,  has  a  much  higher  yield  point  than  mild  steel  and  nuv 
be  taken  at  from  50,000,000  lb.  to  60,000,000  lb.  per  square  inch, 
an^  if  it  can  be  safely  employed  in  reinforced  concrete,  it  ia 
adapted  to  car^y  much  higher  stresses  than  mild  steel,  and 
consequently  a  smaller  pu^ntage  of  it  ia  required  iox  t^e  same 
moment  of  reaist^ce ;  owing,  however,  to  it«  brittleness,  if  <^ 
poor  quality,  it  is  seldom  used  for  reinforced  concrete. 

The  modulus  of  elasticity  of  concrete,  a  very  important  factop 
in  rnnfopied  concrete  desi^,  vaiies  with  the  materials  of  which 
it  is  composed,  and  with  the  proportions  of  these  materials,  alsa 
with  the  method  of  tnizing  And  placing  the  concrete. 

As  general  valnes  for  use  in  reinforced  structure^  tho 
following  moduli  may  be  taken  for  concrete  mixed  of  the  vet 
consisteDoe  usnaUy  employed :— • 


ItL  pa  ■!:    llL 

Brdken  ■lone  o;  pnTdcoDontM  ..     ..    1  :  1|  ■'  8  4,000,000 

„            „               ..      ..     1  :  2    :  i  8,000.000 

„           „               ..     .,     1  :  %i  i  i  9,500,000 

„            „           »               ..      ..     1  :  8    :  S  2,000,000 

„          „          „             ....1:4:8  1,500,000 

pindM or biMM MBoiM*      .,     „     .,     1:3    :4  810,000 
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Tlieae  values  are  probably  Iot  for  dense,  well-graded  mixtures, 
and  are  only  mtended  to  apply  to  concrete  gauged  and  mixed 
in  the  oidiuary  way ;  for  concrete  gauged  and  apecially  mani- 
pulated, theae  values  might  perhaps  be  increased  &om  30  to  40 
percent. 

The  higher  the  modulus  of  elasticity  of  the  oonorQte.  the 
lowor  should  be  the  percentage  of  steel  to  maintain  the  fixed 
rel&tioiia  between  the  tensioD  in  steel  to  pressure  in  the  concrete. 
Jt  is  probable  that  there  is  an  increase  in  the  modulus  of 
telasticity  of  cono^te  with  age,  but  it  must  be  very  slight 

M.  Gonsid^  (Fpance)  gives  the  stretch  of  plain  concrete  as 
beii^  about  0*0001  of  its  length,  or  about  O'Ol  per  cent. ;  in 
combination  with  iteel,  it  could  actually  attain  a  stretch  of 
twenty  times  this,  or  0 '  2  pes'  c^it. ;  and  he  concludes  that  thft 
ftretch  or  deformation  in  the  concreite  of  a  reinforced  beam  may 
be  approximately  estimated  £rom  the  pull  or  stress  upon  kho 
«teel,  and  the  modulus  of  elasticity  of  the  latter. 

Professors  Talbot  ftud  Tumeaure  (America)  both  conolude  thafc 
the  tensile  strength  of  concrete  may  be  disiegarded  in  the  oon- 
eideration  of  the  ultimate  load  carr^  by  a  beam.  This  agrees 
with  actual  practioe,  and  with  the  regulations  issued  by  tiie 
Minister  of  Public  Works  of  Gtenuony  in  1904  The  tensile 
resistance  of  tiie  cooorete  atTecta  the  d^ormation  and  defleotioa 
of  beams  under  the  smfJler  loads,  bat  if,  as  is  costomaiy,  the 
working  strength  is  token  as  a  definite  fraction  of  the  reaiatanoe 
at  the  elastic  limit  of  the  steel,  the  tensile  resistance  of  the 
concrete  need  not  be  considered  in  the  design  of  rdnforced 
beams. 

The  strength  in  adhesion  of  concrete  and  mortar  to  steel  is 
not  only  of  practical  importance  in  reinforced  concrete  designs, 
but  also  in  the  setting  of  bolts  in  mortar  and  concrete  founda^ 
tions.  Tests  by  different  experimenters  upon  the  adhesion  of 
smooth  rods  based  apon  the  surface  are^  of  contact  of  the 
steel  and  concrete  or  mortar,  show  great  variations,  ranging 
from  150  Itx  per  square  inch  up  to  over  700  lb.  The  mini- 
mum ultimate  adhesinn  for  first  class  concrete,  may  be  placed 
at  about  275  lb.  per  square  inch.  It  is  as  necessary  to  apply 
a  factor  of  safety  to  this  as  to  other  stresaos ;  the  strength  in 
adhesion  is  not  only  proportional  to  the  area  of  the  surface  in 
contact,  but  depends  upon  the  character  of  the  surface  and  thQ 
nature  of  the  concrete  or  mortar. 
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The  depth  to  which  the  ateel  rods  should  be  embedded  in  the 
concrete,  Taries  considerably,  whether  they  are  round,  aquare, 
flat,  or  some  section  of  irregular  surface.  In  reinforced  stnic- 
tures,  it  is  necessary  to  securely  anchor  the  ends  of  the  rods 
to  prevent  slipping  of  the  steel,  or  by  introducing  stiirupB  or 
other  vertical  or  inclined  -  reinforcement  The  rods  shoold  not 
be  spaced  nearer  together  in  the  dear  than  the  sum  of  their  two 
diameters,  and  in  no  case  less  than  1}  inch  apart,  nor  nearer 
than  1}  inch  to  either  side  of  the  concrete. 

It  is  of  the  first  importance  that  the  concrete  nsed  in  rein- 
forced design,  should  be  composed  of  the  best  materiale,  properly 
j)roportioned,  mixed  and  packed. 

The  principles  underlying  the  correct  proportions  of  tita 
materials  forming  the  aggregate  are,  that  the  mass  when  com- 
pacted shall  have  the  greatest  possible  density,  which  will 
depend  upon  the  variable  degree  of  the  roughuesa  of  the  stone 
and  sand,  the  relative  sizes  of  the  diameters  of  the  stone,  sand, 
and  cement,  and  Che  amount  of  water  used. 

The  proportion  of  cement  to  the  a^n^te  depends  upon  the 
nature  of  the  construction  and  the  required  degree  of  streogth  or 
water-tightness,  as  well  as  upon  the  character  of  the  inert 
materials,  and  as  both  strength  and  imperviousness  increase 
with  the  proportion  of  cement  to  ^^r^ate,  relatively  rich  <» 
fat  mixtures  are  necessary  for  loaded  columns  and  beams,  for 
thin  walls  sabjected  to  water  pressnre,  and  for  foundations  laid 
under  water. 

The  method  employed  for  mixing  concrete  is  immaterial 
provided  the  result  is  a  homogeneous  mass  of  the  required 
uniform  consistence,  containing  the  various  aggregate  and  cement 
in  proper  proportion ;  and  tiret  class  concrete  can  be  produced 
with  careful  supervision,  by  either  hand  or  machine  mixing, 
and  the  relative  cost  or  the  use  of  the  two  methods  depends 
upon  circumstances.  If  the  work  is  a  small  one,  or  if  frequent 
moving  of  mixing  plant  would  be  required,  concrete  may  be 
and  often  is  mixed  cheaper  by  hand  than  by  machinery ;  there 
are,  however,  now  a  considerable  number  of  small,  reliable 
and,  comparatively  Bpeaking,  portable  mixers  in  Uie  market,  so 
that  any  work  except  a  small  job  would  almost  vrarntnt  and 
pay  for  the  use  of  a  mechanical  mixer. 

It  is  a  generally  accepted  opinion  that  concrete  for  use  in 
reinforced  structures,  should  not  be  mixed  with  sea- water.    At 
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present,  tliere  is  no  cement  or  other  hydranlio  prodnct  vrtdch  is 
known  to  be  capable  of  reeisting  absolutely  Uie  decomposing 
inflaence  of  aea-vater,  and  cement  for  use  in  sea-w^tei  should 
be  low  in  alnmina,  and  aa  low  as  possible  in  lime ;  a  coaree 
sand  should  be  used,  and  a  small  amount  of  Pozzuotanic  material 
is  a  valuable  addition  to  cement  for  this  use. 

The  Author  does  not  attach  any  importance  to  this  opinion. 
In  the  course  of  the  last  twenty  years  he  has  used  many  thou- 
sands of  yards  of  concrete  mixed  with  sea-water,  and  has  found 
no  deleterious  effect  whatever  from  its  use.  He  has  also  made 
hundred!  of  testa  with  cement  ganged  both  with  fresh  and  salt 
water,  without  any  deterioration  in  the  test  values. 

The  systems  of  reinforcing  concrete  are  comparatively  nume- 
rous ;  some  have  been  covered  by  patents  for  arranging  the  metal 
in  the  concrete,  or  for  spedal  forms  of  metal.  Some  of  the 
systems  have  attained  to  very  great  commercial  use,  whilst 
others  have  never  gone  beyond  the  patent  or  experimental 
stage. 

In  18€1  Mr.  Coignet  began  his  investigations  in  reinforced 
concrete,  and  in  1866  Mr.  Monier,  to  whom  the  invention  of 
reinforced  concrete  is  often  attributed,  applied  the  combination 
ot  concrete  and  iron  to  various  structures,  and  laid  the  founda- 
tion for  its  fature  world-wide  application. 

The  following  are  a  few  of  tJie  systems  of  reinforcement : — 


Caigntt 


ISttai  of  oraciform 

Bonnd  ban  in  top  and  bottom  of  beotn,  oonnepted  by  diagonal 

wirakoiiig. 
Bound  bars  interlaced  in  the  nine  mkimer  aa  In  wirs  netting. 
Ban  of  diifsrent  lengtbt,  having  their  endi  beat  to  an  inolise 

and  formed  into  a  loop  to  iMUt  internal  itnaaca. 
Undnlated  bara. 

InTerted   T   beami   or    I    beami  eounectod   by  horixontal 
diagonala  of  light  flat  metal  on  edge. 
Expanded        Sliest  iteel,  ilit  and  expanded  ao  aa  to  tozm  a  dianiond 

metal  me«li. 

Habrieh  and    Flat  metal  twisted  hot. 

Dating. 
UaimeUqiie  A  eunbination  of  alternate  straight  bars  and  ban  with  ends 
bent  np  at  an  angle  vith  vartical  U  bars,  or  stirrnpe  of  flat 
iron,  passing  round  the  straight  ban  and  itaohing  nearlj 
to  the  top  of  the  beam. 
ByaU  ..  Flat  pUtea  or  ban  Mt  OD  edge  and  pleroed  with  holea,thnmgh 
which  psM  smnll  roicnd  rods  to  Ibrai  the  oross  rainlorae- 

JohatoH     ..     Culru^ated  bars. 
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Kalm..      „     HorizonUl  Oasged  bui  with  flaaget  ibeand  op  at  iateitila. 
Lock  womn      Steel  wire  meih,  locked  ai  iutaneuUoUB, 

Kslon        .,     Steel  riU,  dthet  I  bennu  or  foiu  tnglm  Uttieed,  enbadded 

la  Uie  eoaaete  of  the  anh. 
Matitr      ..     Twunrieaof  round  panlkl  ban  at  rig;bt«Dg1ea  to  eaeh  other. 
BtAilt       ..     Tariooa  Mmbmationi  employing  galraiuBed  wire. 
BatwMM    ..     Square  iteel  rodi  twioted  oold. 
BoMiitg    ..     Flat  iteel  ban  Mt  on  edge,  olanped  to  mpporting  beana  and 

held  in  allgniiieDt  by  Sat  bar  aapaiaton. 
SAiBttr  ..  Two  Mriei  of  round  ban  placed  diagonaUy, 
Uiateitr    :.     Bulb  ban. 

The  aystetns  more  A^uently  used  in  tliis  oountiy  an  the 
Cottacin,  Expanded  Metal,  Henoebique,  and  Monier,  bat  these 
and  some  of  the  othen  before  oamed  are  used  coosideiably  in 
the  United  States  and  the  ContiQent  of  Europe. 

The  application  of  reinforced  concrete  to  engineering  designs 
is  becoming  more  general  in  this  country,  but  to  nothing  like . 
the  rate  of  progress  which  is  being  made  in  North  America  and 
Weetem  Europe.  The  Government  departments  of  Oermanj 
and  the  United  States  have  acknowledged  its  reliability,  ad- 
vantages and  suitability  for  almost  aU  structures ;  and  in  the 
former  country,  rules  and  r^ulatdons  to  govern  its  use  have 
been  drawn  up  by  tiie  Department  of  Public  Works,  and  in  both 
countries  its  study  is  taken  up  by  the  various  professors  at  the 
Universities  and  Technical  Institutions,  and  the  various  lending 
authotitias  readily  grant  loans  to  municipal  bodies  for  reinforced 
concrete  designs  for  periods  extending  to  thirty  year&  In  this 
country  most  of  the  work  executed  in  reinforced  concrete  has 
been  carried  out  in  one  or  another  of  the  various  systems  in  ose, 
for  companies  or  private  individuals,  who  have  not  to  apply  to 
a  Government  department  for  a  loan  to  cover  the  cost  of  such 
work. 

The  adaptability  of  reinforced  concrete  for  a  building  material 
is  exemplified  in  numerous  stmctures  which,  not  only  Ircan  an 
engineering  standpoint,  but  architecturally  as  well,  are  modds 
of  the  builder's  art.  The  fire-resisting  qualities  of  reinforced 
concrete  appear  both  from  experimental  and  aotual  fire-tests  to 
be  superior  to  those  of  any  other  material;  and  in  fact  it  is 
doubtful  if  witbout  reinforced  concrete  oonstruotion,  it  would  be 
practicable  to  erect  the  sky-scraping  structures  which  abound  in 
the  great  cities  of  America,  but  which,  it  is  hoped,  may  never  he 
seen  in  this  country  on  the  same  lofty  scala 
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The  conBtractioii  of  reinforced  coocrete  beams  and  floors  in 
some  of  the  large  boildinga  in  America,  by  compariaou  with  the 
floors  conatmcted  in  the  nsoal  way  in  this  country  for  aimilar 
loads,  shov  greatly  to  the  advant^e  of  the  reinforced  construc- 
tion ;  and  in  Boston  all  new  fioore  of  public  rooms  and  public 
hotels  must  bear  a  weight  of  1001b.  per  superficial  foot  exclusiTe 
of  their  own  weight,  and  for  floors  of  warehouses  and  mensantOe 
buildings  at  least  250  lb. 

As  a  typical  example  of  a  reinforced  concrete  building  of 
large  dimensiona  may  be  instanced  "  Ingalls  Buildings "  at 
Cincinnati,  Ohio,  l^e  walls  consist  of  ctmciete  8  inches  in  thick- 
ness faced  with  marble  or  brick,  They  are  sapportad  by  Teia* 
forced  columns  spaced  about  10  feet  centres,  and  the  portionfl 
of  the  wall  at  the  floor-lines,  that  is  between  the  top  of  the  win- 
dow of  one  storey  and  the  window-sill  of  the  storey  above,  are, 
in  reality,  concrete  beams  reinforced  by  two  ^inch  bam,  placed 
2  inohee  above  the  top  of  each  tier  of  windows,  with  ^inch  hori- 
zontal bars  2  feet  apart  over  the  remainder  of  the  wall.  In 
addition  to  the  column  reinforced  vertical  bars  ate  placed  2  inches 
from  each  window  opening. 

The  marble  facing  is  supported  at  each  floor-line  by  tricnga- 
lar  [ffojections  in  the  concrete,  and  the  brickwoi^  in  tlie  tftoreya 
above  by  square  projeotions  3}  inches  wide.  The  marble  ia  also 
held  at  each  horizontal  joint  by  andior  bolts  embedded  in  the 
concrete,  and  the  brickwork  by  ties  of  round,  straight  roils  about 
8  or  9  inches  long  and  |  inch  in  diameter  placed  througli  smxill 
holes  in  the  outer  casing  before  concreting,  so  as  to  extend  5  inches 
into  the  concrete. 

The  floors  above  the  second  floor  were  designed  for  a  liver 
load  of  60  lb.  per  square  foot.  The  principal  panels  which  are 
about  16  feet  square  are  5  inches  in  thickness,  and  reinforeed 
with  j'inch  lods.  Smaller  panels  of  3  to  6  feet  in  length  arcr 
about  3  inches  thick  with  ^inch  bars.  The  spacing  of  the  rods 
varies  with  tbe  length  of  the  span. 

Where  the  panels  are  approximately  square,  tbe  tenskm  rods 
niQ  in  two  directions ;  and  where  the  panels  are  long  and  narrow, 
the  tension  rods  run  across  the  panel,  with  ^-inch  rods  aboBit  i 
feet  apart  ronniDg  lengthwise  of  the  panel  to  prevent  contractioii 
cracks.  The  principal  girders  are  32  feet  long  between  centres  of 
columns,  and  27  inches  in  depth  measured  to  surface  of  floor,  and 
vary  in  width  from  20  inches  at  the  lower  floors  to  16  inches  at  the 
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upper  floors.  Gross  girders  about  16  feet  loDg  and  IS  inches 
deep,  varying  in  width  bom  12  to  9  inches,  are  placed  in  the 
centre  of  the  span  of  the  main  girder,  thns  dividing  the  floor  into 
slabs  about  16  feet  square.  The  uuderside  main  girders  are  re- 
inforced with  four  I'inch  diameter  rods  in  the  centre  of  the  beam 
and  two  ^inch  rods  on  the  outside  of  the  beam  and  on  the 
top  side  witJi  four  ^inch  bars.  The  total  distributed  load  on 
each  main  girder  is  about  15  tons  live  load  in  addition  to  the 
weight  of  the  reinforced  concrete. 

For  reinforced  concrete  coliunns,  in  proportions  of  1  :  2^  :  6, 
260  to  350  lb.  per  square  inch,  or  17}  tQ  24}  tons  per 
square  foot  may  be  taken  as  a  safe  compressive  strain ;  small 
eolnmns,  say  under  2  feet  in  area,  should  receive  rather  less 
loading,  perhaps  50  lb.  per  square  inch  less  than  large  columns, 
because  of  the  greater  difficulty  in  placing  the  concrete. 
'  Colunms  are  leinforoed  by  various  methods :  (1)  small  disf 
meter  rods  are  placed  in  the  comers  of  the  columns,  with  occac 
sional  horizontal  hoops  surrounding  them ;  (2)  large  rods  are 
placed  in  the  interior  of  the  columns  to  assist  the  concrete  in 
taking  the  vertical  compressive  stress;  and  (3)  some  form  of 
spiral  or  a  succession  of  hoops  is  employed  to  utilise  the  increase 
in  strength  of  hooped  concrete  over  plain  concrete.  The  first 
method,  which  is  often  used  in  combination  with  the  other  two, 
adds  slightly  to  the  actual  compressive  strength  of  a  column, 
and  assists  in  preventing  sudden  failure  before  the  concrete  is 
thoroughly  hard. 

The  1904  specifications  of  the  Prussian  Public  Works  plaee 
the  horizontal  rods  at  distances  apart  of  not  more  than  thirty 
times  their  diameters.  The  flexure  of  the  column  is  disregarded 
by  the  Prussian  regulations  until  the  height  of  the  column  ex- 
ceeds eighteen  times  its  least  diameter.  Some  authorities  limit 
the  height  to  twelve  times  the  least  diameter  before  taking 
account  of  this  in  the  caJculation.  The  Author  is  of  opinion  that 
where  the  load  is  eccentric  (which  ia  the  case  more  or  lees  with 
most  columns)  computation  should  be  made  even  for  short 
columns. 

The  effect  of  eccentric  loading,  that  is,  of  having  the  centre 
of  gravity  of  the  load  one  side  of  the  centre  of  the  column,  is  to 
lessen  its  compressive  strength. 

The  unit  pressure  to  be  selected  for  a^fe  working  loads 
depends  net  only  upon  the  strength  of  the  concrete  as  deter- 
mined by  its  proportions,  the  character  of  the  raw  materials,  and 
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the  method  of  mixing,  bat  also  opoo  the  character  and  impor- 
tsDce  of  the  structure,  the  nature  of  the  pressure — whether  bjr 
direct  compression  or  bending,  whether  from  live  or  dead  load 
or  whether  acting  directly  or  through  a  cnshion  of  inert  material 
— and  the  time  of  setting  before  placing  the  toad,  and  maj  range 
from  ^  to  I  of  the  breaking  load.  Although  these  limits  may 
appear  extreme,  different  conditions  will  sometimes  warrant  as 
great  a  variation  in  the  selection  of  the  unit  pressure.  A  fairly 
safe  pressure  for  good  reinforced  concrete  may  be  token  at 
625  to  750  lb.  per  square  inch,  or  46  to  50  tons  per  square  foot 
at  one  month,  of  1 :  2^ :  5  mixture.  Concrete  subjected  to 
pounding  or  vibrating  load  may  reqnire  factors  of  safety  of  much 
lower  working  values. 

The  use  of  reinforced  concrete  lends  itself  to  the  design  of 
almost  any  structure,  the  cost  in  most  casea  being  cheaper  than 
either  brick  or  plain  concrete,  and  in  many  cases  it  would  be 
extremely  difficult  to  use  any  other  method  of  construction,  for 
foundations  in  bad  ground,  districts  intersected  by  shallow 
colliery  workings,  and  the  like,  with  any  d^ree  of  certainty 
in  preventing  settlement  of  the  structure ;  and  the  worics  whitdi 
have  been  and  are  being  daily  constructed  in  Germany  and 
America  appear  to  be,  f^m  our  conservative  ideas,  absurdly 
light,  yet  at  the  same  time  are  amply  strong  enough  and  mors 
fitted  t«  withstand  strains  than  the  usual  solid  masses  of  brick- 
work, masonry  or  concrete,  with  which  we  are  so  familiar  in  our 
engineering  works  in  this  country.  The  study  of  reinforced  con- 
crete necessarily  means  the  study  of  the  strength  of  materials  and 
a  thorough  knowle^^  of  tbe  use  of  cement  and  concrete,  which 
the  Author  ventures  to  think  is  thought  far  too  lightly  of  by 
many  engineers  in  this  country,  and  does  not  receive  so  much 
attention  as  it  should  do;  as  the  advantages  of  reinforced  con- 
crete are  such  as  to  warrant  a  very  careful  investigation  of  its 
adaptability  to  work  coming  within  the  scope  of  Uie  civil  engineer. 

A  description  of  a  few  examples  of  reinforced  concrete  stnio- 
tures  may  be  of  interest  in  connection  with  this  paper. 

A  typical  section  of  the  Jersey  City  water  supply  condnit, 
constructed  in  loose  earth,  is  shown  in  Drawing  So.  1,  Fig:  4 ; 
it  is  entirely  built  of  concrete  reinforced  with  longitudinal  bars 
^  to  jk  inch  diameter,  and  circular  hoops  of  ^inch  dumeter  bars, 
forming  a  mesh  about  4  inches  square.  The  thickness  of  con- 
crete at  the  crown  is  only  5  inches,  tad  at  the  invert  6  inches. 

The  canal  of  the  Simplon  (executed  in  1899,  for  1 
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part  of  the  water  supply  of  the  river  KhoDe,  Bbcmt  3300  galloDS 
pw  minute,  to  fumisb  power  is  oonnecticU  With  tba  driving 
and  lighting  of  the  Simplon  tunnel)  has  an  inner  section  of  6  feet 
7  inches  square ;  its  vails  have  a  thickness  of  only  4  iiicheBi 
and  the  canal  haa  a  nniform  tall  of  1*2  in  1000;  This  canal  is 
carried  on  ferro-concrete  trestles,  and  is  of  a  length  of  9800  feet. 

The  larger  portion  of  the  Kew  York  anbwaj  is  built  in 
armoured  concrete,  with  a  framework  of  steel  I  beams ;  they 
are  spaced  about  6  feet  apart,  and  the  roof  is  formed  by  anihes 
of  ooQorete,  sprung  between  the  lower  flai^es  of  the  cross  giideta. 
The  concrete  also  covers  the  shell,  so  that  it  is  completely  em- 
bedded. The  concrete  ia  reinforced  with  3-inch  angles^  and 
l^inch  and  l^-inch  rods  embedded. 

Arch  bridges  in  armoured  concrete  are  common  both  on  the 
Continent  of  Europe  and  in  America ;  they  are  cheaper  than 
eiUier  stone  or  steel,  and  even  from  an  architectural  standpoint 
may  compare  favourably. 

The  ^mesville  (Ohio)  bridge  is  composed  of  eight  reinforced 
concrete  arches,  the  largest  being  133  feet  span  and  llj^  feet 
rise,  with  a  thickness  at  the  crown  of  80  indiesi  The  arches 
are  each  reinforced  with  fifteen  pairs  of  steel  ban,  whii^  are 
j  inch  thick  by  5  inches  wide  for  the  132  feet  span,  and  har- 
tower  for  the  shorter  spans.  These  bats  are  placed  in  two 
layers,  one  2  inches  i£om  the  intrados,  and  the  other  2  Inches 
£rom  the  eztradoe. 

The  Ch&tellerault  bridge  (France)  oter  the  river  VienDe  is 
probably  one  of  the  finest  ezamples  of  reinforced  concrete  in 
Europe ;  it  has  a  central  al^  of  164  feet  span  and  15'75  feet 
rise,  and  two  side  arches  of  131  feet  span.  The  thickness  at  the 
crown  is  about  31  inches.  Each  arch  is  formed  by  four  separate 
aiohed  beams  about  20  inches  wide,  heavily  reinforced  with 
round  rods.  The  floor  is  of  reinforced  concrete,  and  is  carried 
by  Inraces  which  rest  upon  the  steel  concrete  arch.  The  side 
walks  are  constructed  on  oantdlevers,  and  the  total  width  of  the 
footways  and  carriage  road  is  26  feet.    (Drawing  So.  2i) 

A  recent  example  of  arch  bridge  cdnstruction  in  ferro- 
concrete in  this  country  can  be  seen  at  fiochdale.  These  bridges 
have  a  span  of  23  feet  6  inches  with  a  width  of  roadway  of 
45  feet.  The  foundation  work  of  the  bridge  is  constructed  on 
ferro-conorete  piles,  owing  to  the  presence  at  a  comparatively 
shallow  depth  of  old  colliery  workings.    These  bridges  were  put 
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np  under  the  supei'vision  of  the  borough  engineer  of  Bochdole, 
uid  have  proved  to  be  satiBfactory  in  every  respect 

Several  foot  bridges  have  recently  been  built  for  the 
London  and  South  Western  Bailway  Company  in  reinforced 
concrete,  havii^  a  span  of  37  feet  6  inches  with  a  4  feet  rise,  the 
thickness  of  the  arch  at  the  crown  being  9  inches  ;  the  arch  is 
armoured  with  longitudinal  rods  -^in.  diameter  4  inches  apart, 
and  traoavrase  rods  -^-in.  diameter  8  inches  apart  The  strings 
of  the  stepway  or  staircase  leading  to  the  bridge  are  treated  as 
girders,  are  13  incbea  deep  and  armoored  with  longitudinal  rode 
1  inch  in  diameter  and  1^  inch  apart,  each  string  having  three 
rods  in  the  bottom  and  Uiree  in  the  top  section  of  the  beam ;  the 
steps  are  armoured  with  -^inch  diameter  rods  8  inches  apart. 
(Drawing  No.  4.) 

Flat  bridges  consisting  of  straight  reinforced  girders  are 
quite  common  on  the  Continent  of  Europe,  and  are  designed 
accttfding  to  the  principles  of  girder  and  floor  design.  A  good 
example  of  a  bridge  of  this  construction  has  recently  been 
erected  at  Rochdale  for  a  length  of  about  100  yards,  coverii^ 
the  river  which  is  60  feet  wide,  divided  into  3  bays  of  20  feet 
each,  by  two  lines  of  ferro-«oncret«  columns,  arranged  longi- 
tudinally up  the  river. 

Beinforced  concrete  is  admirably  adapted  for  the  constmc' 
tion  of  service  reservoirs,  tanks  both  for  water  and  sewage,  and 
filtw  beds ;  great  care  must  be  bestowed  upon  the  gauging, 
miving  and  placing  of  the  concrete  so  as  to  insure  its  being 
practically  watertight ;  it  should  be  mixed  so  wet  that  it  will 
completely  cover  the  metal  reinforcement  and  flow  against  the 
oasing. 

The  new  service  reservoir  of  the  Antwop  Water  Company, 
which  has  just  been  completed,  is  a  good  example  of  reinforced 
-  oonabmcdon,  the  reinforcing  material  beii^  expanded  metal, 
which  has  been  used  both  in  the  walls  and  bottom. 

The  filter  plant  at  Uie  Little  Falls,  New  Jersey,  has  a  tank 
or  well  41  feet  high  and  10  feet  in  diameter,  which  sustains  the 
pressure  of  water  eitiier  from  within  or  without  The  walls  are 
16  inches  Uiick  at  Hie  bottom  and  10  inches  thick  at  the  top. 
Sings  of  i^inch  Banaome  twisted  steel  rods  were  placed  about 
every  2  feet  in  the  centre  of  the  wall,  and  vertical  rods  {-inch 
in  diameter  and  about  5  fiaet  apart,  were  also  set  in  the  centre  of 
the  wall,  thus  forming  a  series  of  hoops  and  posts. 
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At  MJlford  (Ohio)  is  a  stand-pipe  of  reinforced  mortar  80 
fpet  liigh  and  16^  feet  outside  diameter.  The  thickness  of  the 
shell  for  the  lower  30  feet  is  9  inches,  for  the  next  25  feet 
1  inches,  and  for  the  remaining  25  feet,  5  inches.  The  ontside 
face  is  vertical.  The  concrete  fonndation  is  20  feet  in  diameter 
and  6  feet  thick.  On  top  of  this,  T-bars,  1  inch  by  1  inch  by 
J-inch,  were  placed  radially  &om  the  centre  to  within  6  inches 
of  the  outer  edge,  and  Uie  shdl  was  started  directly  from 
these.  The  shell  is  reinforced  with  T-bars,  1  inch  by  1  inch 
by  ^  inch,  spaced  18  inches  apart  vertically,  and  in  horizontal 
rings  varying  from  2  inches  apart  at  the  base  to  3  inches 
apart  at  the  top. 

One  of  the  few  examples  of  water  tower  constmction  in 
reinforced  concrete  in  this  coantry,  has  been  erected  at  Bourne- 
mouth ;  it  has  a  total  height  of  45  feet,  the  tank  is  21  feet  in 
diameter,  with  a  capacity  of  15,000  gaUons,  and  the  walls  are 
5  inches  thick  at  the  bottom  and  4  inches  at  the  top.  It  is 
supported  on  six  pillars,  each  IS  mchea  by  18  inches,  the  whole 
structure  being  reinforced  with  steel  rods. 

There  are  numerous  instances  of  buildings  in  this  country 
which  have  been  erected  in  reinforced  concrete,  and  among  them 
may  be  instanced  the  Southampton  Gold  Storage  Warehouse  and 
boiler  and  engine  houses ;  the  Co-operative  Society's  Newcastle 
warehouse ;  Weaver's  Mill  and  grain  siloa,  Swansea ;  Transit 
sheds  for  the  Manchester  Ship  Canal  Company ;  grain  silos  and 
flour  millfl  at  Dunston-on-Tyne. 

Beinforced  piles  are  very  suitable  for  many  classes  of  work, 
more  particularly  for  foundations  bordering  the  sea  or  rivers 
or  in  bad  ground,  and  can  be  made  to  support  almost  any 
load ;  they  are  somewhat  costly,  but  can  be  eo  used  as  to 
do  away  with  more  costly  and  bulky  masses  of  concrete  in 
foBudatiouB  whidi  would  necessitate  the  use  of  a  cofferdam  and 
its  attendant  risks,  or  heavy  timbering  and  excavation.  Piles 
which  are  formed  above  ground  are  designed  like  columns,  with 
vertical  leinforoement  connected  at  intervals  with  horizontal 
wire  rods  or  plates.  They  are  usually  made  in  vertical  moulds, 
but  are  eq^ually  reliable  when  made  horizontally.  It  has  been 
proved  that  they  are  able  to  stand  repeated  shock  without  disinte- 
gration or  destroying  the  adhesion  between  the  steel  and  ctmorete. 

The  Author  has  purposely  refrained  from  introducing  into 
this  paper  any  of  the  many  formulte  used  in  working  out  the 
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stresses  in  reinforced  designs,  the  location  of  the  neutral  axis 
or  for  calculating  deflections  at  the  earlier  sod  bter  stages  of 
loading;  his  object  being  rather  to  interest  municipal  engineers 
in  a  sabject,  which  will,  in  his  opinion,  in  a  few  years'  time  be 
well  understood  and  in  very  general  use,  rather  than  to  describe 
the  Tarioua  methods  in  use,  or  enter  into  minute  details. 
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REINFORCED  CONCRETE  PILING. 
By  a.  B.  GALBRAITH,  A.M.In8T.C.E.I. 

In  selectiiig  the  title  and  subject  for  this  p&per,  the  Author  has 
been  guided  by  the  two  following  considerations.  Firstly,  be- 
cause, after  a  careful  review  of  the  many  appellations  whidi 
are  and  have  been  applied  to  these  methods  of  construction, 
such  as  "  armoured,"  "  ferro,"  "  strengthened,"  and  "  reinforced  " 
concrete,  the  last  is  without  doubt  the  moat  suitable  word  to 
express  the  exact  meaning  that  it  is  desired  to  convey  when 
dealing  with  works  of  this  nature,  as  it  is  self-explanatory,  and, 
unlike  "  concrete  steel,"  is  more  descriptive,  and  in  accordance 
with  the  spirit  of  the  Anglo-Saxon  tongue.  Anyhow,  both 
terms  are  most  widely  used  in  England  and  America,  and  sooner 
or  later  it  will  become  the  question  of  the  "  survival  of  the 
fittest,"  with  the  probabilities  in  favour  of  the  former. 

Secondly,  in  dealing  with  a  subject  of  such  vast  and  far- 
reaching  importance  as  "reinforced  concrete,"  with  its  ever- 
increasii^ramiflcationB  throughout  engineering  and  architectural 
practice,  it  is  manifestly  impossible  to  deal  adeijuately  with  it 
within  the  usually  nanxiw  limits  laid  down  for  a  "  paper" ;  and, 
for  this  reason,  it  is  proposed  to  confine  the  scope  of  the  present 
article  to  that  extensively  applied  branch  of  this  construction 
tieating  with  the  manufacture  and  application  of  piles  to  con- 
structive works. 

HiSTOEY. 

So  &r  aa  can  be  ascertained,  M.  Edmund  Coignet  and  M. 
Hennebique  were  the  first  constructors  to  realise  the  advantages 
to  be  derived  &om  applying  their  methods  to  piling.  The 
former,  who  patented  his  piles  in  France  in  1894,  constructed 
them  with  a  reinforcement  of  vertical  rods,  held  in  position 
between  a  series  of  internal  and  external  square  hooping,  the 
outer  ones  being  shrunk  to  keep  the  inner  hoops  in  place.  The 
latter  engineer  first  applied  his  piles  in  France  in  the  early 
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nineties ;  and  iatioduced  them  for  the  first  time  into  this  country 
in  1897,  when  a  retaining  vail  of  sheet  piling  waa  constructed 
at  the  northern  end  of  the  coal  vhaif  adjacent  to  the  Itcben 
Ferry,  Southampton. 

Advantages. 

In  addition  to  the  nsual  manifold  advantages  that  are 
associated  with  the  adoption  of  these  constmctions — for  instance, 
fiie-resistance,  durability,  homogeneity,  economy,  etc. — the  nee  of 
theae  piles  in  submarine  work  insures  immunity  from  the 
dreaded  attacks  of  the  teredo  navalis  and  other  boring  pests  that 
destroy  timber  ones ;  and  there  is  do  serious  oxidation  of  the 
metal  to  be  feared,  as  in  steel  piles.  One  of  their  most  important 
advantages  is  t^t,  owing  to  their  impermeability  when  properly 
constructed,  they  are  equally  durable  in  dry  or  wet  soils,  whereas 
in '  order  to  preserve  timber  piles  they  must  be  constantly 
submerged.  Unlike  timber  and  steel  piles,  they  can  be  easily 
lengthened,  shortened,  jointed,  altered,  or  repaired  (the  last 
being  seldom  neceHsary) ;  and  there  are  virtually  no  maintenance 
expenses,  such  as  are  inevitably  connected  with  their  timber  or 
steel  prototypes.  Their  most  serioas  disadvantage  is  then-  first 
cost;  although  under  favourable  circunistances  they  will  be 
found  nearly  as  cheap  as  timber  ones,  and  a  great  deal  more 
economical  than  those  of  steel.  Pile  for  {Hie,  the  cost  will 
generally  exceed  that  of  timber;  often,  however,  their  adop- 
tion will  mean  a  saving  in  the  ultimate  cost  of  the  work — 
especially  foundations,  owing  to  the  piles  not  having  to  be  cut 
off  below  ground-water  level,  and  the  reduction  of  the  excavation 
and  in  the  volume  of  masonry.  The  concrete  pile  has  also  a 
much  greater  bearing  capacity  than  the  wooden  one.  In  strata 
where  a  wooden  pile  20  feet  long,  12j^  inches  diameter  at  the 
the  top,  and  10  inches  at  the  bottom,  will  carry  17,000  lb.,  a 
concrete  pOe,  20  inches  at  the  top  and  6  inches  at  the  bottom, 
will  cuny  65,000  lb.  This  is  for  plain  concrete ;  and  when  to 
this  the  resistance  of  the  reinforcement  in  the  reinforced  concrete 
pile  has  to  be  added,  it  will  be  at  once  perceived  that  the 
bearing  capacity  is  considerably  in  excess  of  that  of  the  ordinary 
timber  one.  They  are  also  as  elastic  and  as  resilient  as  timber : 
a  pile  14  inches  square,  43  feet  long,  suspended  in  the  middle, 
gives  a  deflection  of  from  3j^  to  4  inches ;  and  they  can  be  used 
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for  driving  through  strata  of  the  most  formidable  chaiacter, 
standing  a  puniahment  that  would  absolutely  wreck  a  timber 
pile.  The  ease  and  efficiency  with  which  they  can  be  connected 
to  the  reinforced  concrete  or  otlier  BUperstrnctnre  they  have  to 
support,  and  their  freedom  from  vibration  owing  to  their 
monolithic  nature,  leodwa  them  peculiarly  adaptable  for  the 
fbundatiouB  of  pieiB  and  bridges,  locks  of  docks,  and  other 
etmctores  of  a  similar  description;  eliminating  Hie  heavy 
expenditure  for  cylindera,  and,  in  the  case  of  masonry  piers,  the 
indispenaable  but  expensive  cofierdams  and  pumping.  In  short, 
these  piles  comprise  the  advantages  of  timber  piles,  with  some 
of  tlie  advant^ies  of  masonry  piers ;  and  the  busy  engineer  will 
find  by  their  adoption  the  solution  of  many  problems  not  so 
easily  or  cheaply  solved  by  the  ordinary  methods.  Last,  bnt  not 
least,  should  be  mentioned  the  facility  with  which  the  compon^it 
materials  can  be  procured  or  transported,  and  the  economy  of 
space  when  these  piles  are  used  for  dock,  quay  and  wharf  walls, 
together  with  the  ease  with  whidi  such  structures  can  be 
suitably  anchored  by  means  of  connecting  tie-rods  to  anchor 
piles  driven  in  the  adjacent  strata  beyond  the  line  of  pressure 
(^  the  superimposed  flUing. 

Matekials. 

Succinctly,  the  materials  used  must  be  of  the  usual  high- 
class  descriptioD  that  are  demanded  for  works  of  this  nature 
and  are  generally  adopted  in  these  constructions.  Amongst  the 
different  constructors  there  are  some  slight  variations  in  the 
proportioning  of  the  ingredients  for  the  concrete,  but,  with  this 
reservation,  the  following  may  be  taken  as  fairly  representative. 
The  cement  forming  the  matrix  must  be  the  best  Portland 
procurable,  fine,  cool,  slow  setting,  and  of  a  good  age.  Hie 
sand  must  be  clean,  sharp,  and  very  gritty,  variously  graded  up 
to  i  inch.  The  coarser  part  of  the  aggregate  should  be  shingle, 
gravel,  or  ballast,  similar  to  the  sand,  and  should  pass  through  a 
j-inch  mesh  sieve.  Should  the  shingle,  gravel,  or  ballast  contain 
sand,  these  must  be  separated  and  mixed  again  in  the  correct 
proportions.  Sometimes  crushed  stone  is  used  in  the  B,ggtega.te, 
and  in  this  case  it  is  usual  to  have  tlie  very  fine  dost  removed. 
The  proportious  used  as  a  rule  for  pile  work,  or  work  where 
imperviousness  is  essential,  are  three  of  the  f^gr^ate  to  one  of 
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the  matrix.  These  materials  should  be  most  carefully  mixed  by 
band,  sod  by  machinery,  with  suffidoDt  water  added  so  that  the 
resultant  concrete  is  in  a  viscous  or  plastic  condition. 

The  iron  should  be  good  ductile  iron,  bearii^  48,000  lb.  per 
square  inch  in  tension  before  fracture,  with  an  elongation  of 
20  per  cent,  in  eight  inches.  The  steel  should  be  mild, 
bearing  about  65,000  lb.  per  square  inch,  witJi  an  elongation  of 
20  per  cent,  in  eight  inches ;  and  s  bar  of  either  metal,  bent 
cold  through  an  angle  of  180  d^rees,  should  close  down  upon 
itself  without  cracking. 

All  the  materials  incorporated  must  come  strictly  up  to 
their  respective  standard  tests,  or  else  be  unhesitatiugly  rejected. 

Rbinforcehent. 

The  reinforcement  for  piling  naturally  bears  a  close  resem- 
blance to  that  for  columns.  In  the  Hennebique  type  the  piles 
are  vertically  reinforced  with  round  bars,  varying  from  1  to 
1'57  inch  diameter,  connected  together  at  proper  intervals 
with  -^'inch  wire  stirrups  and  distance-pieces,  to  keep  the 
bare  from  epreadii^  under  vertical  pressure.  Rolled  joists  of 
I-aection  are  used  in  the  Rechten  and  Williams  piles,  and  in 
the  Johnston  pile  angle-irons  are  employed  for  the  vertical  rein- 
forcement; while,  in  the  Simplex  pile,  expanded  metal  is  utilised 
for  this  purpose.  En  passant,  it  is  worthy  of  remark  that  the 
writer  has  never  heard  of  bars  of  rectangular  section  (such  as  are 
need  for  the  horizontal  reinforcement  of  the  Hyatt  and  Demay 
systems),  or  of  cruciform  shape  (similar  to  the  Bonna  system), 
being  used  for  vertically  reinforcing  piles.  The  percentage  of 
the  metal  varies,  according  to  the  load  to  be  carried,  from  2  to  as 
much  as  5  per  cent.,  or  even  more.  The  ronnd  bar,  which  is  ex- 
tensively used,  has  these  advantages :  it  is  the  cheapest,  occupies 
the  minimum  space,  and  admits  the  concrete  more  readily  into 
the  interstices  than  those  of  more  complex  sections.  Small 
sections  are  preferable  to  large  ones,  as  there  is  a  more  equable 
distribution  of  the  stresses  throughout  the  mass  of  concrete ;  at 
the  same  time  giving  a  larger  surface  for  adhesion  to  each  square 
inch  of  section.  They  also  have  the  adaptability  of  being  readily 
bent  into  any  required  shape.  Compared  widi  this,  rolled  sec- 
tions present  special  facilities  for  joints  and  junctions,  and  are 
self-supporting  prior  to  the  application  of  the  concrete,  although 
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they  require  increaaed  labour  in  placing  tbem  in  position ;  and, 
in  the  event  of  failure  of  the  concrete  locally  or  entirely, 
through  either  bad  materials  or  workmanahip,  they  are  usually 
calcukted  so  as  to  be  strong  enough  to  carry  the  load  irrespective 
of  their  enveloping  meditun. 

Without  exception  the  most  efficient  method  of  ccdnmn 
reinforcement  is  the  helicoidal  hooping  of  M.  Conaid^,  and 
this  will  undoubtedly  (if  it  has  not  already  been  done)  be  soon 
applied  to  pile  work.  Fig.  1  is  a  rot^h  vertical  and  horizontal 
section,  sbowii^  the  arrangement  of  the  hooping  and  the  other 
reinforcement  for  these  columns.  The  vertical  bars  are  invari- 
ably of  small  section,  and  are  introduced  to  increase  the  rigidity 
of  the  column  by  their  resistance  to  flexure.  M.  Considfere,  in 
some  of  lus  later  experiments  with  columns  some  12  months  old, 
reinforced  in  this  manner,  obtained  a  compressive  resistance  of 
nearly  12,700  lb.  per  square  inch  before  Mlure  by  crashing. 
Now,  according  to  M.  Christophe,  the  compressional  strength  of 
concrete  is  equal  to  700  lb.  per  square  inch,  and  allowing,  say, 
a  factor  of  safety  of  2  as  the  minimum  fi>r  structures  of  a 
permanent  character  exposed  to  heavy  moving  loads,  this  woald 
give  350  lb.  per  square  inch  for  columns  or  other  members 
subject  to  compression  and  reinforced  in  the  usual  way.  With 
hooped  concrete  the  loading  can  safely  be  increased  from  this 
amonnt  up  to  as  much  as,  say,  2000  lb.  per  square  inch — an 
inunense  differenca  The  percentage  of  metal  used  is  also 
considerably  less  than  that  for  the  loi^tudinally  reinforced 
columns,  although  the  labour  connected  with  the  former  is 
probably  slightly  in  excess  of  that  for  the  latter.  This  method 
of  reinforcement  is  peculiarly  suitable  for  a  pile  of  circular 
section,  and  such  a  pile  would  offer  very  great  resistance  to 
oblique  strains.  AU  metal  should  receive  a  liberal  coating  of 
Portland  cement  grout  before  being  embedded  in  tbe  concrete. 


Load  ox  Piles. 

Theoretically,  piles  can  be  considered  as  analogous  to  columns 
with  the  following  additional  considerations :  in  estimating 
the  dimensions  of  the  reinforcement  for  the  load  a  pOe  will 
have  to  sustain,  it  is  usual  to  assume  the  maximum  loading  it 
will  be  called  upon  to  bear  in  the  driving  operations. 
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Let  W  represent  the  load, 

Q         „  weight  of  the  ram, 

/         „  foil  of  the  ram  in  feet ; 

W  =  Q  X  8  JT- (1> 

Ritter's  fonaula  is  generally  used  to  ascertain  the  supporting 
power  of  piles  after  driving. 

If  W  represents  tlie  load  in  lb. 

Q  „  weight  of  the  ram, 

q         „  weight  of  the  pile  in  lb. 

h  „  height  of  the  fall  in  inches, 

e  „  final  penetration  in  inches ; 

then 

^=4-Q?^+«  +  »  ■■••  <2> 

Od  the  value  of  W  being  determined,  it  must  be  reduced 
to  the  safe  bearing  load,  with  an  allowance  of  a  factor  of 
safety  of  10. 

e  varies,  according  to  the  nature  of  the  strata,  from  about 
0'25  to  O'lO  inch,  the  former  value  sufficing  under  ordinary 
circumstances. 

The  weight  allowed  for  reinforced  concrete  on  the  Continent 
is  2500  kilt^rammes  per  cubic  metre,  or  155*5  lb.  per  cube 
foot. 

Moulding. 

There  are  three  methods  of  manufacturing  piles : — 

a.  In  vertical  moulds  supported  by  frames. 

b.  Id  horizontal  ditto. 

c.  In  a  special  apparatus  such  as  a  "  driving  form,"  the  piles 
being  then  formed  in  situ. 

It  is  only  proposed  to  describe  here  a  and  b,  c  being  deferred 
to  the  description  of  "  piles  built  in  dtu." 

When  piles  are  moulded  vertically,  the  moulds  are  built  in 
stout  timber  frames,  the  internal  section  of  the  mould  corre- 
sponding to  the  size  and  shape  of  the  pile.  The  working  faces 
of  these  moulds  are  left  open  :  caat-iron  or  steel  shoes  are  then 
placed  in  position  at  the  bottom  of  the  moulds,  and  attached  by 
wrought-iron  straps  to  the  bottoms  of  the  piles  (Figs.  4, 5,  and  6), 
Vhese  straps  being  bent  over  inwardly  at  their  extremities  to 
form  a  key  with  tlie  concrete.    The  vertical  bars  are  then  care- 
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fuUy  adjusted  to  the  fiduciary  line  by  gauges  to  within  an  inch 
or  so  of  the  casing,  and  kept  in  phice  by  the  oonnecting  stirrups 
and  distance-pieces  dropped  over  the  bars  from  the  top  to 
different  points  marked  on  the  edge  of  the  moulds,  varying  from 
2  inches  at  the  bottom  and  top  to  10  inches  at  the  centre  of  the 
length  of  the  pile.  Concreting  is  then  commenced,  a  bucketful 
at  a  time,  which  must  be  thoroughly  well  lammed  as  soon 
as  placed  in  the  mould ;  and  as  the  height  of  the  pile  increases, 
the  working  face  of  the  mould  is  closed  by  shutters  from  4  to  6 
inches  deep,  running  in  grooves  formed  in  the  sides  of  the 
permanent  casing.  The  faces  of  the  moulds  should  be  invari- 
ably well  soaped  or  white-washed,  iu  order  to  prevent  any 
adhesion  of  the  cona«te  to  the  woodwork.  Concreting  should, 
whenever  possible,  be  continuous  until  the  particular  pUe  is 
finished  ;  bat  when  this  is  not  done,  care  should  be  exercised  to 
remove  any  loose  or  foreign  material  from  the  siirface  of  the 
old  work,  and  it  should  then  be  thoroughly  cleansed  and  after- 
wards serrated  with  a  cutting  tooL  Pure  cement  grout  should 
then  be  poured  over  its  sur&ce,  and  the  work  resumed  as  before. 
Vertical  moulding,  especially  when  the  piles  are  of  great 
length,  is  extremely  troublesome  and  expensive,  although  the 
concrete  has,  as  a  rule,  a  greater  and  more  uniform  density. 

Files  are  moulded  horizontally  in  suitable  framing-boards, 
held  together  by  special  clamps  and  timber  cross-pieces  (Fi^'.  2). 
The  clamps  are  formed  of  two  pieces  of  rectangular  iron,  the 
longer  piece  being  bent  over  at  right  angles  to  its  length,  its 
extremity  beii^  carried  over  so  as  to  project  for  a  short  distance 
in  a  line  parallel  to  its  longer  length,  and  terminating  in  a 
metal  button.  The  shorter  piece  is  made  of  similarly  shaped 
iron,  with  a  similar  extremity  sliding  on  the  longer  one  so  as  to 
he  adjustable  to  the  size  of  the  mould.  The  clamp  is  tightened 
by  hammering  up  the  straight  projecting  end  of  the  shorter 
piece,  and  the  loosening  effected  by  the  reverse  process.  On 
the  reinforcement  being  in  its  proper  position,  concreting  is 
commenced  in  a  like  manner  to  that  adopted  for  the  vertical 
process,  the  inner  faces  of  tiie  moulds  being  treated  as  before 
described  to  prevent  any  adherence  to  the  concrete.  This 
method,  although  much  more  economical  than  the  vertical  one, 
has  the  drawback  that  even  with  the  greatest  care  there  is  a 
great  liability  of  the  occurrence  of  inequalities  in  the  density 
of  the  concrete. 


DigizedbyGOOgle 


REINFORCED   COKCBBtB  PIUNG.  363 

After  about  38  hoars  the  concrete  is  sufficiently  set  for  the 
moulds  to  be  stripped ;  and  the  piles  are  then  allowed  to  remain, 
from  28  to  40  days,  to  set  preparatory  to  driving. 


Driving. 

The  piles  can  be  driven  hydraulic&lly,  or  by  the  ordinary 
pile  driver,  or  a  combination  of  both.  When  the  nature  of  the 
strata  will  permit  it  with  advantage,  they  can  be  driven  with 
the  water  jet,  and  for  this  purpose  a  J-inch  gas  pipe  la  carried 
down  the  centre  of  the  pile,  termiDatiug  in  a  |-iiich  nozzle  at 
the  point  of  the  shoe.  Sometimes  it  is  more  convenient  to 
introduce  this  pipe  at  the  aide  of  the  pile  (Fig.  6).  Experience 
shows  that  a  heavy  ram,  with  quick  successive  blows  and  short 
drops,  gives  the  best  results.  In  order  to  distribute  the  impact 
stresses  uniformly  over  the  top  of  the  piles,  the  head  is  encased 
in  a  steel  cap  (Fig.  4)  filled  with  sand  or  sawdust,  a  tight  joint  of 
hemp  and  clay  being  made  between  the  lower  part  of  the  cap 
and  the  pile  to  prevent  the  escape  of  these  materials.  A  timber 
dolly  ifl  gonerally  interposed  in  the  usual  way  between  the  ram 
and  the  pile  head,  and  a  separate  cap  is  required  for  each  size 
of  pile.  Fig.  3  portrays  the  method  adopted  at  Chantenay-aur- 
Loire,  Vantes,  France;  the  relative  positions  of  the  different 
parts  being  clearly  shown.  In  this  instance  the  piles  were 
made  of  plain  concrete  tops,  designed  to  be  broken  off  sufficiently 
after  driving  to  expose  the  reinforcement  for  connection  to  the 
superstructure.  This  arrangement  allows  of  the  upper  portion 
of  the  pile  being  loosely  clamped  to  the  guides  of  the  driver. 
These  sheet  piles,  1 1  ■  8  by  14  ■  8  inches  in  section,  were  driven  by 
a  3520  lb.  ram,  with  a  fall  of  6  ■  25  feet  As  an  example  of  the 
excessive  weight  of  the  ram,  compared  to  those  for  driving 
ordinary  timber  piles,  the  16  inches  square  reinforced  concrete 
pQes  of  Hennebique  design  for  the  Bmmath  Bridge  were  driven 
with  an  8800  lb.  ram,  with  a  maximum  drop  of  8  feet.  The 
driving  rig  is  similar  to  that  employed  for  driving  the  ordinary 
timber  piles,  with  the  exception  that  stronger  tackle  ia  required 
to  handle  the  heavier  reinforced  concrete  pUe. 
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For  the  sake  of  coDvenience,  piles  can  be  suitably  clasatfied 
under  two  heads,  te. : — 

a.  Files  moulded  or  cast  prior  to  use. 

b.  Files  built  in  «ito. 

Moulded  Files. 

The  first  are  now  extensively  used  in  tJiis  country,  but  tiie 
second  have  yet  to  receive  the  attention  here  that  is  their  due. 
Moulded  piles  are  invariably  rectilinear  in  section,  and,  with  but 
a  solitary  exception,  quadrilateral.  It  seems  strange  that  the 
circular  section  has  been  avoided  in  this  type,  because  such  a 
form  would  have,  onder  certain  circumstances,  obvious  advan- 
tages over  those  of  rectilinear  shape,  although,  owing  to  the 
greater  complexity  of  the  moulds  and  the  reinforcement  involv- 
ing  extra  labour,  they  would  be  more  expensive  to  construct. 

Reinforced  with  Round  Babs:  Hknnebique  Type. 

Foremost  amongst  these  are  those  constructed  according  to 
the  Hennebique  system.  Fig.  4  is  a  typical  example  of  a 
Hennebique  bearing  pile.  These  piles  are  square  in  section,  with 
a  pyramidal  point,  the  top  being  shouldered  off  and  terminating 
in  a  circular  head  to  receive  the  driving  cap.  The  reinforcement 
consists  of  four  soft  iron  rods,  placed  at  the  comers,  and  wired 
tt^ther  at  the  intervals  previously  stated.  Fig.  5  is  a  half- 
sectional  elevation  of  a  bearing  pile,  showing  the  arrai^ment 
of  the  vertical  and  horizontal  reinforcement.  It  also  shows  tlie 
jet  pipe  used  in  driving*  and  sometimes  resorted  to  as  a  meatis 
for  forcing  grouting  into  the  ground  immediately  contiguous  to 
the  point  of  the  shoe  when  the  pile  is  in  its  proper  position. 

Sometimes  six  reinforcing  bars  are  employed,  and  Fig.  6  is 
an  example  of  those  used  in  the  construction  of  a  wharf  at 
Noverossisk,  Russia.  They  are  15*75  inches  square,  and  de- 
signed to  carry  a  safe  load  of  about  38J  tons,  in  addition  to  the 
dead  load  represented  by  a  section  of  the  wharf  fioor  haviiin 
an  area  of  269  square  feet.  Their  weight  is  about  262  lb.  per 
lineal  foot,  from  which  45  lb.  per  lineal  foot  can  be  deducted  for 
the  reinforcement.    Bearing  piles  on  this  system  have  been 
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msde  in  lengths  up  tx)  62  feet,  and  a  sectional  area  16  inches 
square  will  cany  a  safe  load  of  60  tooa. 

Id  liie  sheet  piles  six  bars  are  also  used.  Fig.  7  depicting  the 
dispositiou  of  the  steel  work  and  drifted  shoe.  These  piles  are 
also  fitted  with  a  semicircular  groove  on  either  side,  which  ex- 
tends from  the  upper  end  of  the  shoe  to  the  top  of  the  pile. 
At  the  lower  end  of  the  pile,  on  its  longer  aide,  is  fixed  a  metal 
spnr,  which  fits  into  the  groove  of  the  pile  preceding  it  (Fig.  7), 
and  acts  as  a  guide  in  driving.  After  driving,  these  grooves  are 
carefully  cleaned  out  with  the  water  jet  and  filled  with  cement 
grout,  making  a  perfectly  watertight  joint,  forming  the  series  of 
piles  into  a  solid  monolithic  mass. 

Fig.  8  ta  yet  another  variation  in  the  shape  of  piles  rein- 
forced wit^  round  iron  bara  tied  together  with  wire  stirrups. 
Iltese  piles  were  used  in  the  construction  of  the  foundations  of 
the  new  law  courts  at  Berlin-Wedding.  In  transverse  section 
they  represent  an  equilateral  triangle  with  bevelled  edges,  rein- 
foiced  with  iron  bars  1  inch  in  diameter,  connected  together  at 
regular  vertical  distances  of  10  inches  by  ^-inch  wire  eye-bars, 
set  into  the  concrete  with  a  blunt  point  at  their  lower  end.  At 
tiie  bottom  of  the  pile  the  three  bars  cosvei^  to  a  point,  and 
are  welded  together.  The  proportion  of  the  concrete  was  one  of 
Portland  cement  to  three  of  river  gravel.  This  concrete,  slightly 
wetted,  was  carefully  prepared  in  a  pug  null,  and  deposited  in 
vertical  wooden  moulds  in  layers  8  inches  in  thickness,  which 
layers  were  afterwards  compressed  to  about  half  that  amount. 
Prior  to  fixing  the  ties  and  adding  &esh  concrete  the  surtaoe  of 
each  preceding  layer  was  roughened,  so  as  to  ensure  a  thorough 
homc^neousness  of  the  whole  mass.  The  piles  were  then  left 
for  a  period  varying  &om  twelve  to  twenty-four  hours,  and  for 
the  following  seven  or  eight  da3rs  were  frequently  and  copioosly 
watered.  They  were  then  removed  from  the  moulds,  and  again 
watered  for  eight  or  ten  days,  being  then  sufficiently  hardened 
for  transport  to  the  works,  where  they  remain  for  about  a  montii 
longer,  and  are  ready  for  driving.  They  were  driven  by  a 
steam  pile-driver  through  poor  and  treacheroos  soil,  with  a  ram 
-veighing  2^  tons,  falling  5^  feet.  Their  length  varied  &om  17 
to  26  feet,  and,  to  prevent  their  heads  being  damaged  by  the 
ram  during  driving,  they  were  protected  by  a  buffer  built  up 
of  sheets  of  lead,  plates  of  iron  and  timber  packing,  all  held 
together  with  an  iron  ring. 
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Hollow  Pile:  Modchbl's. 


M.  L.  G.  Moachel.  the  pioneer  and  repieseDtative  of  the 
Hennebique  STStem  in  this  country,  haa  iatroduced  and  patented 
a  light  hoUow  pile  (Fig.  9),  vertirailly  leiaforced  with  iron  bars 
of  circolar  section,  to  which  are  connected  at  the  requited 
intervals  the  horizontal  reinforcement,  consisting  of  iron  dia- 
phragms,  distance-pieces,  and  wire  ties.  The  cavities  in  t.hig 
pile  are  formed  of  concrete  monlds,  built  ia  during  manufactora 
They  are  lighter  and  equally  as  stroi^  as  tlie  other  piles,  and 
therefcnre  offer  special  facilities  for  handling  and  transport. 

When  any  of  the  piles  reinforced  with  round  bars  are  of 
insufficient  length,  or  a  joint  or  Junction  has  to  be  formed,  extra 
bars  can  be  added  by  overlapping  tbem  for  a  distance  equal  to 
24  times  their  diameter.  Another  method  is  to  cut  off  the  ends 
of  the  rods  die-square,  and  abut  them  against  one  another, 
adding  a  sleeve  of  iron  tubing  over  the  joint,  thus  insuring  a 
uniform  resistance.  The  tops  of  the  reinforcing  rods  are  usually 
covered  with  about  IJ  inch  of  concrete. 

EEINyORCBD   WITH  ANGLE-IEONS  :  JOBNSTON  PiLK 

Mr.  Andrew  Johnston,  of  the  Armoured  Constaiictioa 
Company,  has  patented  a  reinforced  concrete  pile,  the  salient 
features  of  which  are  the  vertical  reinforcement  of  2  inches  by 
2  inches  by  |-inch  steed  angle-irons,  connected  to  l^inch  by  -f^ 
inch  iron  bands  and  to  ^inch  steel  wire  diaphragms,  the  latter 
being  designed  to  counteract  the  ahearing  stresses  (see  Fig.  10), 
which  sufficiently  explains  the  patentee's  arrangement  of  the 
reinforcement  The  lower  end  of  the  pile  terminates  in  a  steel 
shoe.  These  piles  are  from  40  to  50  feet  in  length,  and  18  inches 
l^  12  inches  in  cross  section,  the  reinforcement  being  2  inohee  - 
from  the  surface  of  the  concrete.  They  were  designed  f<v  a 
wharf  on  the  Thames  at  Botherhtthe. 

BsiNroBCKD  WITH  I-Beams  :  Rechtbn  Filb. 

The  piles  of  the  £echten,  Yereng  and  Dopking  system  are 
reinforced  wit^  rolled  steel  joists  framed  together.  Fig.  11  is 
an  example  of  such  a  pile,  employed  for  a  quay  wall.    The 
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reinforcement  consists  of  two  parallel  I-beams,  connected  at 
intervals  of  7  *  7  feet  with  plate  and  angle  cross-ties.  One  of  the 
narrow  faces  is  grooved,  and  the  other  has  a  tongue  for  the 
purpose  of  interlocking  with  the  adjacent  piles  when  employed 
as  sheeting.  An  anchor  rod,  shown  at  the  top  of  the  pile  in  the 
diagram,  is  connected  to  a  massive  concrete  anchor  buried  in  the 
firm  ground  at  the  rear  of  the  quay.  In  driving,  a  timber 
dolly  or  fdse  pile  is  used,  with  a  hemp  cushion  interposed 
between  the  dolly  and  the  pile  head  in  the  usual  way.  These 
piles  are  generally  moulded  horizontally ;  but  in  this  '  caae, 
whether  horizontal  or  vertical  moulds  are  introduced,  it  must 
be  equally  difBcnlt  to  well  ram  the  concrete  around  the 
reinforcement. 

WiLUAMS  Pile. 

Mr.  A.  £.  Williams,  of  Dagenham  Docks,  Essex,  is  the 
inventor  and  patentee  of  a  pile  in  which  the  vertical  reinforce- 
ment is  composed  of  a  rolled  steel  joist  (9J  incbes  by  4  inches, 
weighing  20^  lb.,  in  a  14-inch  by  14-iiich  section)  embedded  in 
concrete  (Fig.  12),  This  joist  can  be  fitted  wiU»  a  cast-iron  shoe, 
bat  it  is  considered  preferable  to  cut  a  triangular  piece  out  of 
the  web  of  the  joist,  and  then  bend  the  flanges  in  nntil  they 
meet,  cutting  oS  the  comers  to  form  a  point.  The  concrete  ia 
foither  strengthened  horizontally,  at  about  intervals  of  1  foot^ 
with  loogh  hoops,  11  incbee  in  diameter,  formed  of  -^-Inch 
steel  wire.  The  weight  of  a  14-inch  by  14-inch  standard 
pile  is  about  2  cwt.  per  lineal  foot.  When  flexure  is  likely  to 
be  set  up  by  oblique  strains,  actii^  at  right  angles  to  the  web, 
they  are  stiffened  by  the  addition  of  two  fiat  steel  bars  on  either 
side  acting  as  trusses  (Fig.  13).  These  bars  can  be  curved  if 
desired,  and  their  addition  entails  an  extra  cost  of  only  Sd.  per 
foot  cube.  To  facilitate  the  handling  of  the  piles,  three  holes 
are  dnlled  at  different  points  on  the  centre  line  of  the  web^ 
extending  right  through  to  the  sur&ces  of  the  concrete,  and 
lined  with  2-inch  boiler  tubing.  The  first  of  these,  which  is 
also  used  as  s  gauge  bolt-hole,  ia  situated  about  2  feet  from  the  top 
of  Uie  pile ;  the  second  and  the  third  being  placed  at  points  one 
quarter  of  the  length  of  the  pile  on  each  side  of  the  centre 
respectively.  These  boles  ere  used  for  slinging  the  piles  into  a 
hodzontal  position,  making  it  possible  to  handle  them  within 


Dig-izedbyGOOgk- 


■ibS  KKINFORCED   CONCRETE   PILMG. 

seven  days  after  manufacture.  The  concrete  is  compounded  of 
•clean  shingle,  which  has  been  rejected  by  a  J-inch  but  baa 
passed  a  |-inch  mesh  sieve,  mixed  with  half  its  yolume  of  clean, 
sharp  ^inch  sand.  This  is  mixed  dry  with  200  lb.  of  Portlaod 
cement  to  every  9  cubic  feet  of  the  aggregate,  it  is  then  sprinkled 
with  water,  tamed  over  by  hand,  aod  afterwards  passed  throu^ 
&  special  form  of  pug  mill,  until  the  concrete  is  in  a  plastic 
■condition,  and  it  is  then  ready  for  use.  Joints  are  formed  by 
breaking  away  the  concrete  &om  the  joistfl  for  a  depth  of  about 
18  inches — to  this  is  added  a  piece  of  joist  of  the  required  lengtli 
fished  to  the  infra-incumbent  pile.  Moulds  are  then  framed 
lonnd,  and  the  concrete  is  rammed  in,  making  a  condnaone  pile 
from  the  point  to  the  top  of  the  work.  For  driving,  a  2-toii 
ram,  falling  6  or  8  feet  is  used ;  and  the  heads  of  the  pile  an 
protected  with  a  temporary  cast  steel  cap,  above  which  is  a  hard- 
wood dolly  about  3  feet  long. 

Piles  Built  dj  situ. 

Piles  of  this  description  have  not  yet  been  introduced,  ao  far 
as  can  be  ascertained,  into  this  country,  although  they  have 
been  and  are  being  applied  in  America  witli  much  suoceaa 
The  essential  feature  connected  with  these  pUes  are  tiie 
■"  driving  forms,"  or  shells  described  hereafter  in  the  two 
meUiods  dealt  with,  i.e.  the  "  Baymond  "  and  the  "  Simplex." 
Up  to  the  present  the  piles  constructed  according  to  these 
systems  have  been  of  concrete  in  toto,  but  they  can  be  easily 
reinforced  by  the  addition  of  a  simple  reinforcement  when  so 
required. 

KsiHTOBCED  WITH   BoUND   BaSS:  THE  RaTHOKD  PiLS. 

Fig.  14  is  an  iUustration  of  the  reinforced  concrete  pile 
manufactured  by  the  Baymond  Concrete  Pile  Company,  of 
Chicago,  HI.  This  pile  is  usually  made  of  a  uniform  taper 
throughout,  and  is  vertically  reinforced  with  a  l^inch  round 
bar  placed  in  the  centre  of  the  pile,  and  of  three  smaller  ban, 
generally  about  |-inch  diameter,  equidistantly  spaced  about  the 
ciroumferenca 

The  apparatus  used  in  castii^  these  piles  is  of  an  elaborate 
nature,  consisting  of  a  tapering  collapsible  driving  form,  jacketed 
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with  a  ahell  of  steel  plate,  which  is  first  driven  into  the  groxuid, 
and  then  withdrawn  leaving  the  shell  in  place.  This  fonn  is 
made  of  two  longitndinal  halves  of  cast  steel,  between  them 
being  fitted  a  key  of  the  same  metal  provided  with  wedge- 
siiaped  Inge.  These  lugs  keep  each  h^  of  the  form  apart 
during  driving,  and  a  horizontal  key  slipped  throng  the  head 
keeps  the  three  different  peces  in  position.  The  shell  is  then 
ac^nsted  over  the  expanded  form,  and  the  combinaticm  is  driven 
with  a  steel  driving  cap  placed  over  the  head  of  the  form,  and 
supplied  with  horizontal  pieces  running  in  the  guides  of  the 
pOe  driver.  On  the  completion  of  the  driving  operations,  the 
key  is  raised  until  the  laga  iail  Into  Gis  recesses  formed  on 
eidieF  side  of  the  form  halves,  thus  allowing  of  the  withdrawal 
of  the  form  from  within  the  shelL  When  die  form  is  in 
position  the  reinforcement  can  be  arranged  as  previously  men- 
tioned, and  the  apace  gradually  filled  with  concrete. 

Owing,  however,  to  the  heaviness  and  mass  of  the  collapsible 
foim,  they  are  found  not  to  drive  easily  with  an  ordinary  ram, 
and  for  this  reason  recooise  is  had  to  the  water  jet  whenever 
possible.  Their  cumbersomenees,  according  to  Capt.  J.  S. 
Sewell  of  the  17.S.A.  Corps  of  Eogineets,  renders  them  imprac- 
ticable in  some  situations,  and  there  ia  but  little  doubt  tb^  the 
great  difflcnltiea  of  their  manipnlation  limit  their  employment 
to  depths  of  less  tiian  40  feet 

The  piles  for  the  fonndations  of  a  library  building  at 
Aurora,  HL,  were  constructed  on  this  system,  without  any 
reinfoicement.  They  were  20  inches  in  diameter  at  the  top, 
tapering  to  13  inches  at  the  bottom ;  and  were  driven  by  an 
ordinary  pile  driver,  through  14  feet  of  made  ground  overlying 
rofik,  with  a  2400  lb.  ram,  having  a  drop  ranging  trom  20  to 
25  feet,  the  penetration  at  each  blow  beJiig  from  ^  to  2  inches. 
The  form  used  was  made  of  No.  20  sheet  iron,  and  the  concrete 
was  1  part  Portland  cement,  2  parts  sand,  and  4  parts  broken 
stones. 

Beinfobced  with  Expandzd  Metal  :  the  Simplex  Pile.  . 

This  pile  was  introduced  by  the  engineers  of  the  Simplex 
Concrete  Piling  Company,  of  I^iiladelphia,  Pa.  When  these 
piles  are  reinforced,  expanded  metal  is  the  medium  adopted. 
It  is  employed  in  the  form  of  a  circumferential  cylinder  of  this 
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nietal,  of  3  indieB  maab,  and  -^indi  in  tiiickneas  (Fig.  15).- 
Fig.  16  is  a  longitudinal  section  of  the  appaistos  used  in 
drivii^  tbeBO  piles  There  vater  has  to  be  encountered;  bat 
when  this  has  not  to  be  feaied,  the  outer  shell  shown  in  the 
muBtrataon  is  dispensed  with.  It  conaista  essentially  of  a 
WToaght-iron  shell  or  tnbe,  the  internal  section  of  which  cor- 
responds to  the  length  and  diametw  of  the  size  the  pile  is  to 
be.  To  the  lower  extremity  of  this  shell  is  afiOxed  a  pievioaaly 
cast  concrete  shoe,  which  is  then  driven,  sormonnted  with  a 
hardwood  cap,  by  means  of  an  ordinary  pile  driver  to  the  deaixed 
depth.  On  the  completion  of  this  operation  the  expanded 
metal  reinforcement  is  adjusted  in  the  interior  of  the  shell,  with 
its  lower  end  abutting  on  the  concrete  shoe.  The  shell  is  then 
gradnally  withdrawn  aa  it  is  filled  with  concrete,  until,  the 
process  finished,  it  ia  entirely  bee.  When  the  outer  shell  is 
employed  in  water  or  water-bearing  strata,  it  is  made  long 
enough  to  penetrate  the  bottom  a  sufGcient  distance  to  prevent 
the  percolation  of  water  into  the  hole.  It  is  driven  t(^ather 
with  the  inner  shell,  the  latter  being  withdrawn  leaving  tiie 
outer  shell  in  place  by  uniastenii^  the  clamped  collar  by  which 
tiiey  are  connected  together.  This  shell  is  left  permanently 
in  ita  position,  and  forms  the  metal  for  that  part  of  the  pile 
exposed  to  the  action  of  the  water. 

Piles  of  this  description  were  employed  in  the  constmction 
of  the  extensive  foundations  for  the  engineering  school  at 
Washington  barracks.  District  of  Columbia,  under  the  snper- 
intendence  of  Capt,  J.  S.  Sewell  and  lieut  C.  S.  Smith,  the 
army  engineers  in  charge.  The  site  of  the  building  consisted 
of  materials  of  a  varying  nature,  being  on  the  sur&oe  a  yellow 
loamy  day,  and,  4  to  5  feet  below  this,  a  fairly  diy  and  solid 
stratum  of  blue  silt,  while  below  this  again  were  beds  o(  wet 
sand  and  gravel  On  experimenting  it  was  discovered  that,  in 
consequence  of  the  layer  of  blue  silt,  the  surface  day  would 
only  sustain  the  small  bearing  load  of  500  lb.  per  square  fbot 
without  serious  settlement,  and  as  the  subsoil  ia  alternately 
wet  and  dry,  owing  to  the  rariationa  of  the  levd  of  the  waters 
of  the  Potomac  river  acljoining,  timber  piling  was  preduded. 

In  the  concrete  piling  the  forms  comprising  the  sheila  are 
11  feet  loi^  and  made  of  boiler  steel  f-indi  thick,  these  same 
shells  heiitg  used  throughout  the  wht^e  of  the  work,  needing 
only  casual  repairs'  to  the  rivete,  etc.    The  interior  shell  was 
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'compoeed  of  a  lO-inob  cast-iron  pipe,  the  lower  end  of  this  pipe 
fitting  over  a  tenon  round  the  upper  portion  of  the  concrete 
shoe,  the  upper  end  being  crowned  by  a  block  ash  driving-cap, 
so  placed  as  to  drive  the  combined  Bhells,  The  whole  arrange- 
ment was  driven  witb  a  ram  weighing  2200  lb.,  falling  10  feet, 
the  final  penetration  averaging  about  ^  inch,  the  ahoe  being 
then  embedded  in  the  sand.  It  was  found  as  a  rule  that  the 
shook  of  driving  fractured  the  tenon  of  tiie  shoe,  it  being 
ganetally  brought  np  on  the  withdrawal  of  the  driving  form. 
This  had  its  advantage,  inasmaoh  as  the  freshly-btoken  anriaoe 
made  a  good  bond  betlween  the  upper  portion  of  the  conoiete 
shoe  and  the  superimposed  concrete. 

The  concrete  for  the  shoes  was  proportioned  by  volume  of 
1  part  of  vulcanite  Portland  cement,  2  parts  of  concrete  sand, 
and  5  parte  of  broken  stone,  inclndii^  run  of  crusher.  That 
for  the  pile  shafts  was  compounded  by  volume  of  1  part  of  old 
dominion  Portland  cement  to  3  parte  of  concrete  sand,  and  5 
parts  of  graveL  Enough  of  this  concrete  was  placed  in  the 
shells  at  a  time  to  form  a  layer  12  inches  thi(^,  each  layer 
being  then  rammed,  and  the  shell  so  gradually  raised  that  there 
was  never  leas  than  6  inches  of  concret«  remaining  at  its  bottom. 

In  driving  it  was  found  that  the  piles  conld  be  bnilt  so  that 
their  centres  ooincided  well  with  the  points  staked  out,  although 
oocasionally,  in  consequence  of  encountering  a  boulder,  a  varia- 
tion of  3  or  4  inches  from  the  perpendicular  would  occar,  but 
this  foult  conld  generally  be  rectified  on  the  withdrawal  of  the 

Some  piles  were  oonstmcted  17  inches  diameter  and  35  feet 
long,  for  driving  through  soft  dry  blue  silt  underlaid  with  sand. 
The  forma  employed  were  entirely  similar  to  those  described, 
except  that  the  metal  was  f-indi  thick  instead  of  f.  After 
driving  they  were  found  very  difficult  to  withdraw,  owing  to  the 
great  friction  on  their  exterior  surface,  but  this  was  overcome 
by  applying  a  lubricating  co^  of  grease  or  heavy  oU  prior  to 
driving.  Some  of  these  piles,  16  inches  diameter,  driven 
throngh  40  feet  of  mud  and  sand,  were  loaded  with  as  mnch  as 
28  tons,  with  a  settlement  not  in  excess  of  a  ^inch,  although 
they  had  carried  the  load  tax  several  weeks. 

The  experience  with  these  piles  at  these  barracks  indicated 
that  where  the  excavation  was  reqoiied  to  be  as  deep  as  10  feet, 
even  if  at  ttiat  d^th  a  hard  bottom  was  found  to  exist  so  that 
2  B  2 
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wooden  piles  vere  dispensed  witlt,  the  use  of  comovfte  jnles 
was  eoonomical  by  the  avoidance  in  unstable  gioimd  of  deep 
trenchee  wiUi  their  solid  oooorete  filling. 

Cost, 

Thd  incessant  finctnations  in  the  cost  of  materials  tmd 
labour  in  Tarioos  localities,  aod  the  dif^ent  conditions  affecting 
the  driving,  renders  it  impossible  to  give  any  information 
T^arding  prices  which  can  be  generally  applied,  and  ths 
folloving  prices  are  therefore  given,  with  due  leswvation,  simply 
for  the  purpose  of  an  approximate  guide. 

Files  of  the  Hennebiqne  type,  12  inches  sqnare,  have  been 
driven  at  a  cost  of  4s.  per  foot  cabe ;  and  it  has  been  atBied  that 
the  Williams  standard  pile,  14  inches  square,  can  be  mana- 
factnred  and  sold  at  aa  low  a  figure  as  4».  per  foot  cube.  The 
prices  quoted  hereunder  are  for  some  Hennebique  piling  driven 
in  several  places  in  the  south  of  England : — 

Woolston  . .  10  inch  by  10  inoh  pUes,  8s.  6d.  per  foot  cube. 

Gosport    . .  12    „     „     6    „       „     4».  „        „ 

Portsmouth  14    „     „  14    „       „     6s.  Gd. 


Before  condnding,  afew  examples  of  the  methods  of  applying 
reinforced  concrete  piling  are  here  given. 

Esoam^  I. — Btalding  Foundations. 

Figs.  17  and  18  are  tranaverae  aectionB  of  the  reinforced 
concrete  foundations  for  the  ten^storey  steel^&amed  Hallenbec^ 
btiilding  at  Park  and  Pearl  Streets,  Hew  York  City.  The  old 
portion  of  the  structure  had  wall-colnnins  carried  on  I-beam 
grillage  foundations,  bnried  in  the  concrete  caps  of  the  timber 
piling,  the  extension  of  the  building  covering  a  space  of  102 
feet  by  20  feet.  These  piles  are  12  inches  square,  28  feet  lon^ 
reinfcoced  by  four  l-^inoh  diameter  steel  bars,  connected 
together  with  Btirrupe,  eta.,  as  detailed  in  Fig.  5.  They  were 
fonned  in  horizontal  wooden  moulds  of  1 :  2 :  4  Portland  oem^it 
concrete,  the  stone  being  ^-inch  crushed  trtq)  rock.     After 
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driving,  the  tops.of  these  piles  were  broken  off  for  a  distance  of 
5  incbea  ham  around  the  reinfoicenient,  for  the  puzpose  of 
counectmg  them  to  the  foundation  mattrssa,  16  inches  thick, 
alao  composed  of  concrete  efficiently  reinforced  with  a  reticw- 
latioQ  of  steel  bars,  and  snperimposed  at  a  height  of  aboat  6 
feet  above  gronnd-water  level. 

The  piles  vere  calculated  to  sustain  80,000  lb.  apiece,  in- 
clnding  36,000  lb.  per  square  foot  in  accordance  -with  the 
New  York  building  r^clations  for  concrete  piers ;  besides  an 
extra  load  of  44,000  lb.,  assumed  to  be  taken  up  by  the  four 
reinforcing  bars,  these  regulations  allowing  7000  lb.  per  square 
incdi  as  the  safe  compressional  working  load  for  this  materiaL 

The  test  borings  showed  tiiat  if  timber  piles  had  been 
employed  it  would  have  entailed  excavating  beneath  the  wall 
footings  of  the  adjacent  premisefl,  as  well  as  underpinning  their 
foundations  and  carrying  them  down  to  a  greater  c^pth ;  all  the 
heavy  expenditure  tbat  would  have  been  necessitated  thereby 
having  been  obviated  by  the  adoption  of  the  reinforced  concrete 
piles. 

Example  11. — Bridge  Foundations. 

Fig.  19  is  a  vertical  section  and  half  plan  of  the  reinforced 
concrete  pile  foundation  and  pier  of  the  Brumath  Bridge  in 
Alsace-Lorraine.  This  construction  is  completely  of  Hennebique 
design,  and  is  a  good  example  of  the  monolithic  nature  of  the 
work  that  ensues  &om  the  practice  of  continuing  the  rein- 
forcing baiB  from  the  piles  right  up  through  the  pier  into  the 
supeistructure.  These  piles  were  14  to  16  feet  long,  and  were 
driven  through  about  6^  feet  of  swamp  mud  underlaid  by 
coarse  gravel.  The  iall  of  the  lam  daring  driving  varied  &om 
2^  to  4i  feet,  the  inilaal  peneb^tion  being  2  int^es,  and  gradually 
decreasing  to  aboot  0'4  inch. 


Example  III. — Pile  ^nmdations  in  Sard  Bock  Bottom. 

Fig.  20  portrays  the  arrangranent  of  a  jetty  construction  on 
a  hard  rock  foundation.  A  hole  is  faimarily  drilled  or  blasted 
in  the  rock  to  receive  the  end  of  a  reinforced  concrete  pile, 
which  is  moulded  hollow.  Steel  bars  are  then  lowered  into  the 
hole  in  the  rock  through  the  central  cylinder  of  the  pile,  which 
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IB  aftanrordfl  filled  up  with  ridi  cement  concrete.  The  openings 
depicted  at  the  base  of  the  pile  are  for  the  porpose  of  allowing 
a  safGcient  qoaotity  of  concrete  to  escape,  thna  fonning  about 
its  foot  a  block  resting  on  the  sorfiice  of  tilie  lOok,  and,  the  steel 
bars  being  entirely  bnried  at  their  npper  extremities  in  the 
concrete,  the  pile  becomes  secnrely  anchored  into  the  ground. 


Example  IV. — Quay  WaU  ConstrucUon. 

This  is  a  typical  example  of  a  Hennebiqne  quay  vail,  oon- 
structed  of  piles  id  combination  with  their  b^ms  and  floor 
slabs,  somewhat  similar  to  the  one  at  Southampton  Bocks.  It 
consista  of  a  facii^  row  of  sheet  piles,  marked  A  (Fig.  21), 
divided  into  bays  of  7  feet  trom  centre  to  centre  by  a  modified 
form  of  sheet  pile  called  a  counter,  driTen  with  its  shorter  side 
in  the  same  |dane  as  the  external  face  of  the  others ;  behind 
these  also,  at  7-feet  centres,  are  three  rows  of  square  or  bearing 
piles  (B  Fig.  21),  sapportiog  and  intimately  connected  to  the 
beams  and  the  superimposed  reinforced  concrete  platfonn  or 
decking.  Upon  the  sheet  piling  is  fixed  the  superstmctm^  or 
curtain  (C)  of  the  quay,  stiffened  at  every  7  feet  by  reinforced 
concrete  angle-pieces  or  buttresses  (D);  these  in  their  turn 
being  built  into  the  curtain  at  the  front,  and  the  decking 
beneath  as  fu  as  the  first  row  of  bearing  piles ;  the  whole  being 
surmounted  by  a  coping  (E)  composed  of  the  same  materials. 
Elm  fenders  (F)  are  attached  to  the  face  of  the  quay  wall,  by 
iron  bolts  fixed  through  the  sheet  piling  and  curtain.  On  the 
exterior  face  of  the  wall,  at  tiie  junction  of  the  sheet  piles, 
curtain  and  decking,  is  formed  a  continuous  projecting  waling 
(G),  which  not  only  gives  additional  horizontal  stxength  bat 
adds  to  the  finished  appearance  of  the  quay  itsell 

The  percentage  of  the  metal  to  that  of  the  concrete  for  the 
reinforcement  is  3  for  the  sheet  and  4  for  the  bearing  piles. 
The  live  load  of  about  3^  tons  per  square  yard  is  practically 
carried  on  the  decking,  the  bnttrrases  bracing  the  curtain  against 
the  impact  of  vessels,  transmitting  Uie  pressure  on  to  the  deck- 
ing, where  it  lb  distributed  over  a  large  area ;  while  the  fenders 
protect  the  face  of  the  concrete  &om  any  damage  likely  to 
accrue  &om  actual  contact  with  the  ships'  bulls.  In  the  calcn- 
lations  for  structures  of  this  kind  the  materials  are  assumed  to 
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be  homogeneous,  and  treated  as  a  retainii^  waU.  It  is  instructive 
to  compare  the  dimenfiiooB,  mass,  etc.,  of  this  reinforced  concrete 
wall  with  a  masonry  one  of  the  aame  load  (see  Fig.  21).  Snch 
a  wall  could  be  constmcted  at  a  cost  of  about  221.  per  lineal 
foot,  being  about  half  the  cost  of  a  masouy  one. 

Finally,  the  Author  desirea  to  record  his  thaaka  to  some  of 
the  various  patentees  and  constructors  for  particulars  concerning 
their  respectiye  piles,  and  also  to  the  different  standard  works 
for  a  good  deal  of  information  connected  with  the  subject. 


DISCUSSION. 

Mr,  J.  Lehon  :  I  should  like  to  move  a  vote  of  thanks  to  the 
Authors  ctf  the  papers,  and  to  our  President  for  reading  them  in 
their  absence.  I  have  had  some  experience  in  the  use  of  what 
is  called  annonied  or  reinforced  concrete,  cor,  as  I  call  it,  ferro- 
concrete. I  superintended  the  construction  of  some  large  coal 
hoppers  at  Portsmouth,  which  were  deaigned  by  M.  Moucbel  on 
the  Hennebiqne  system.  Hey  are  supported  entirely  on  piles. 
The  experience  I  gained  in  that  way  was  this,  that  it  takes  rather 
more  time  in  construction,  and  it  certainly  is  not  cheaper  than 
other  modes  of  construction ;  but  notwithstanding  that,  I  am  of 
opinion  that  this  ferro-concrete  has  come  to  stay.  But  I  would 
like  to  throw  out  a  word  of  warning,  following  on  the  lines  of 
Hr.  Palmer,  that  engineers  oujjht  to  be  very  careful  in  using  this 
xeinforced  concrete.  A  very  great  deal  depends  upon  the  way 
in  which  the  concrete  is  made  and  on  the  materials,  and  I  am 
a&aid,  with  many  different  systems  in  the  market,  there  will  be 
a  tendency  on  the  part  of  some  inventors  to  put  up  very  light 
structures  which  may  come  to  grief.  I  agree  with  Mr.  Palmer 
as  to  not  giving  any  formula.  I  should  not  like  te  lay  down 
any  formuls,  thon^  I  have  given  the  snbject  a  good  deal  of 
attention.  One  of  the  advantages  of  this  system  of  construction 
is  that  you  cau  get  a  large  floor,  covering  a  good  area,  at  the 
tniniinnTn  depth  of  floor.  You  can  construct  such  a  floor  6 
iuches  thick, — I  have  seen  them  6  inches  thick — which 
is  a  great  gain  in  the  height  of  the  building.  A  large  building 
has  been  erected  close  to  my  office,  and  I  have  noticed  that 
there  is  considerable  delay  in  erection.    They  have  to  us9 
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such  a  large  quantity  of  boards  that  it  interferea  vith  the 
process.  A  new  system  has  been  patented — or,  at  any  rate, 
protected — ^by  whic^  it,  is  proposed  to  make  concrete  aheetiii^ 
so  as  to  save  time  in  the  ordinary  conatruction.  I  am  told 
thac  in  that  bnilding  the  cost  of  the  boarding  or  sheetiiig 
was  about  25  per  cent,  of  the  vrhole  cost.  If  so,  there 
is  a  very  lai^  item  of  saring.  As  yon  know,  concrete 
pilii^  has  been  used  at  Soathampton  at  the  cold  storage^  the 
docks,  and  otbet  places.  My  experience . is  that,  conixete  pQes 
are  certainly  things  to  be  used  in  such  cases.  They  have 
great  advantages  in  many  respectfl.  For  instance,  the  worm 
does  not  attack  them  in  any  way  whatever,  and  they  can  be 
easily  driven.  It  is  really  marrellous  to  see  the  amount  of 
hammering  that  a  concrete  pile  will  stand, — I  was  surprised 
when  I  saw  the  first  pile  driven.  They  hanunered  away  with 
a  heavy  ram,  and  it  did  not  have  the  slightest  effect  in  the  dis- 
integration or  breaking  up  of  the  pile.  I  believe  that  concrete 
piles  will  entirely  supersede  wood  piles. 

Mr.  £.  B.  Martin:  I  should  like  to  second  the  vote  of 
thanks  to  the  AuUiors  of  the  papers.  I  had  beams  made  of  con- 
crete and  reinforced  by  expanded  metal  in  various  inyz,  on 
which  I  made  a  nnmber  of  experiments  in  order  to  get  soma 
idea  of  how  they  would  act  under  a  load.  The  beams  were  all  of 
uniform  size,  6  feet  6  inches  long,  10  inches  wide,  and  6  inches 
deep.  They  were  composed  of  concrete  in  the  following  pro- 
portions :  tnvkeu  brick  3,  sand  1,  cem^it  1.  Specimens  were 
tested  with  a  central  load  applied  by  means  of  a  ram  with 
supports  5  feet  apart  No.  1  beam  contained  no  reinforce* 
meut.  No.  2  beam  contained  a  reinforcement  consisting  of  a 
sheet  of  expanded  metal  laid  parallel  to  the  tension  sur&ce 
of  the  beam  and  about  J^  inch  distant  there&om.  Na  3 
beam  contained  a  reinforcement  of  a  similar  sheet  of  expanded 
metal  bent  up  from  the  centre  towards  the  compression  surface 
of  the  beam.  No.  4  beam  contained  a  combination  of  Nos.  2 
and  3 ;  the  expanded  metal  consisted  of  what  is  known  aa 
size  No.  10,  with  3-inch  mesh,  ^-inch  by  .^-inch  strands. 
The  reinforcement  amounted  in  specimens  Noa.  2  and  3  to  0 '  5 
per  cent.,  and  in  specimen  Ko,  4  to  1  per  cent.  The  results  were 
as  follows :  No.  1  broke  at  7  ■  4  cwt ;  of  Nos.  2, 3  and  4  (of  which 
two  specimens  were  made)  No.  2  broke  at  32  '4  cwt  each ;  Na  3, 
one  specimen  broke  at  44  *  3  cwt.  and  the  other  at  43  *  6  owi ;  Na  4, 
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one  spedmen  broke  at  59*1  cwt.  and  the  other  at  ^6*5  cwt. 
It  will  be  seen  that  the  relative  strength  of  thase  beams,  taking 
the  one  without  reinforcement  as  1,  was  for  specimen  No.  2,  4*4; 
specimen  No.Z,  6 '  0  and  6  *  9;  and  for  Bpecimen  No.  4, 8 '  0  and  9-0. 
The  results  of  the  experiments  t«nd  to  show  that  the  1  per  cent, 
of  reinforcement  in  specimen  4  was  beyond  the  percentage  of 
reinforcement  that  can  be  economically  ased.  I  am  of  opinion 
that  concrete  made  with  different  matrices  necessitates  different 
forms  of  reinforcement,  thus  in  the  South  of  England,  where 
chiefly  gravel  is  used  for  concrete,  a  smaller  meshed  reinforce- 
ment could  be  nsed  than  in  Uie  North  where  we  have  to  rely 
upon  broken  stone  or  brick.  Frofeseor  Goodman  of  the  Leeds 
tJniversity  has  interested  himself  in  Uiia  subject,  and  made  many 
experiments  using  diSerent  forms  of  reinforcement.  Among 
others  he  has  tried  circular  rods,  but  finds  that  they  do  not  pro- 
vide a  sufficient  key  and  are  apt  to  tear  oat  onder  a  load.  He 
suggested  to  me  quite  recently  that  disused  colliery  ropes,  of 
which  one  is  able  to  find  many  in  the  Korth  1>f  England,  would 
provide  an  excellent  key.  This  point  of  assnring  to  the  rein- 
forcement a  good  key  with  the  concrete  is,  I  think,  moat 
important 

Mr.  J.  liKHON :  In  the  North  of  England  where  you  cannot 
oae  gravel,  wotdd  you  not  use  sand  for  ^Le  broken  brick  ? 

Mr,  MAETm :  Tes. 

Mr.  Shillie  :  Might  I  ask  how  old  these  beams  were  ? 

Mr.  Maktin  :  Thirty-seven  and  thirty-nine  days. 

Mr.  A.  I>.  GoEATOBEX :  I  should  like  to  call  attention  to  two 
very  important  papers  which  I  think  every  member  of  this 
Association  should  read  in  connection  with  these  very  valuable 
papers.  I  refer  to  a  paper  by  Mr.  W.  Cann  on  "  The  Construc- 
tion emd  Strength  of  Reinforced  Concrete  Columns,"  and  by 
M.  L.  G.  Mouchel,  on  "  Monolithic  Constnietions  in  Henne- 
bique's  Feiro-Coocrete."  *  These  papers  give  a  description  of 
the  8ys*.em  and  the  teats  carried  out ;  they  also  give  the  Henne- 
bique  f  jrmnlse  and  diagrams  showing  safe  loads,  and  if  followed 
oat,  yoa  can  carefully  test  the  calculations  of  the  specialists  in 
this  class  of  work,  and  they  will  be  found  extremely  useful 
I  have  lately  had  a  design  prepared  for  a  small  canal  bridge  in 
this  class  of  work,  and  as  r^ards  the  estimated  cost  as  i^ainst 
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brickwork,  there  woa  not  Yei7  much  difference  between  dw 
two.  I  also  went  into  the  question  with  reference  to  a  sewer. 
I  have  had  a  lot  of  trouble  with  a  brick  seweo',  which  was  2  feet 

3  inches  in  diameter,  and  which  had  gone  down  throngh 
mining  operations  7  or  8  feet.  The  sewer  had  been  working 
eatisfactorilj  until  the  day  it  collapsed,  owing  to  what  is 
known  as  "  crowning  in,"  a  portion  of  the  sewer  disappeai^ 
ing  altogether.  A.  Bi^estiou  came  from  Mr.  Eayrs  as  to 
whether  the  sewer  could  not  be  constructed  in  ferro-concrete, 
6  feet  by  2  feet  3  inches,  the  idea  being  that  the  sewer  could  be 
gone  through  &om  time  to  time  to  see  if  it  was  sinking,  and 
whether  it  was  necessary  to  have  it  raised.  I  went  into  the 
matter  carefully  and  had  a  design  got  out  and  the  cost  estimated. 
It  was  to  be  abont  4  inches  thick.  It  came  out  more  ezpensiTe 
than  the  cast-iron  pipe  we  are  going  to  relay  it  in.  I  was 
assured  that  the  sewer  could  be  liitod  if  it  went  down  3  or 

4  feet,  and  that  they  oonld  make  good  any  craoka,'  the  same  aa 
the  iron  pipes.  It  has  cost  moie  than  1000^.  to  conatauct  400 
yards  of  sewer.  When  I  get  the  c^tportunity  I  intend  to  carry 
out  some  work  in  this  materiaL 

Mr.  H.  K.  G-.  Bambbb:  I  should  also  like  to  congratulate  the 
Authors  of  the  two  papers  upon  having  brought  forward  such  an 
important  matter  at  a  meeting  like  this.  I  am  not  an  engineer, 
but  it  seems  to  me  that  at  this  momrait  the  municipal  engineer  is 
seeking  information  as  to  ferroconcrete.  It  has  been  a  snbjact 
dealt  with  for  years  in  America  and  Western  Europe.  Ud- 
fortunatoly  engineers  in  this  country  have  not  seen  fit  to 
take  up  this  class  of  work,  and  only  now  seem  to  be  tnnung 
their  attention  to  iL  There  is  a  publication  in  America  entitled 
"  Cement,"  which  contains  a  vast  amount  of  information  abont 
ferro-concrete.  It  is  a  paper  full  of  information,  tables,  etc, 
with  reference  to  ferro-concrete.  Indeed,  you  will  find  in  it 
a  vast  amount  of  information  which  would  take  some  years 
to  find  out  by  experiment,  and  from  what  we  have  heard  the 
municipal  engineer  has  no  time  to  make  experiments  as  such,  so 
that  unless  someone  gives  him  the  information,  he  is  left  to 
make  experiments  in  w(Ncks  under  his  control  It  gives  me  the 
greatest  pleasure  to  see,  in  this  paper,  such  a  strong  ojMnion 
given,  not  from  the  manufacturer  of  cement,  but  from  the  user 
of  it.  It  is  clear  that  those  who  have  gone  into  this  work  have 
realised  that  nothing  but  the  very  finest  cement  is  of  use  in  this . 
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puticnlar  constrncticaL  Urst,  it  most  be  fine  gronnd ;  it  mnst 
be  sotmd ;  and  above  all,  it  most  be  alow-settii^. 

Mr.  A.  C.  Jajob:  I  should  be  obli^^d  if  Mr.  Palmer  would 
kindly^  give  iutther  iufonnatioii  as  to  the  constractioa  of  sewera 
in  feiro-conctete.  In  my  diatrict,  the  subsoil  is  psctically  soft 
soap,  and  the  saving  in  weight  which  would  lesult  from  the  use 
of  ferro-oonoret«  is  a  matter  of  importance.  I  recently  bad  to 
design  ft  swimming  bath  to  be  boilt  upon  this  soil,  and  with  a 
view  to  find  the  cost  if  built  with  reinfbiced  concrete,  asked  for  a, 
price  to  be  given.  The  price  asked  was  15  per  cent,  higher  than 
the  ordinary  work.  It  has  been  the  practice  to  reinforce  the  work 
with  old  steel  rails.  We  have  done  that  at  the  sewage  works. 
We  had  tanks  there  in  which  the  aides  have  completely  broken 
through.  I  had  to  ocoutoact  some  bacteria  beds  of  doable  the 
weight  on  adjoining  land  and  reinforced  the  walla  with  steel 
rails,  and  there  is  no  sign  of  settlement  whatever.  Near  to  my 
district  at  Furfieet,  almost  adjoining  the  Karri  and  Jarrah 
works,  a  jetty  has  been  erected  on  piles  of  reinforced  concrete  by 
the  Hennebiqne  syntem.  They  were  constrncted  on  the  method 
described  by  Mr.  Qalbraith.  The  heads  of  a  good  many  of  the 
piles  were  shattered  by  the  blow  in  driving,  bat  they  were  com- 
paratively easily  repaht)d ;  it  was  only  where  the  breakage  took 
plftoe  in  the  water  tJwt  any  difficulty  occurred.  I  was  stmck  by 
the  quantity  of  carpentry  work  required.  I  should  not  like  to 
say  how  many  thousand  feet  of  timber  the  contractor's  ei^ineer 
told  me  they  had  to  destroy.  The  jet^  is  only  7  inches  thick, 
and  carries  some  heavy  cranes.  The  platforms  of  West  Ham 
station  on  the  London  and  Tilbury  line  are  built  of  concrete 
reinforced  with  expanded  metal.  It  is  8  feet  span,  only  6  inches 
thick.  The  station  adjoins  one  of  the  Metropolitan  Football 
grounds,  so  large  crowds  assemble  there.  It  has  now  been 
opened  five  jrears,  and  therefore  has  been  well  tested. 

Mr.  J.  T.  Eatbs  :  I  quite  agree  with  the  remarks  of  Mr. 
Lemon  that  this  armonred  or  reinforced  concrete  has  come  to 
stay.  But  I  think  very  great  care  should  be  used  1:^  engineers 
in  the  designing  of  structures  where  tltis  form  of  oonatmction  is 
adopted,  and  more  particularly  aa  rcfjards  the  quality  of  the 
materials  whidi  are  used  in  making  up  the  concrete.  It  is  a 
most  difficult  thing  for  an  engineer,  unless  he  is  constantly  on 
the  job,  to  have  his  materials  properly  selected,  and  if  any  in- 
ferior material,  or  any  material  not  properly  mixed,  is  used 
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there  is  ao  doubt  there  will  be  a  smooa  coll&pse,  which  will  no 
doubt  deter  others  bom  using  this  material.  I  do  not  agree 
with  Mr.  Lemon  as  to  the  cost,  because,  I  believe,  in  a  good 
many  instances  Ferro-coiicrete  will  be  foand  consideTably  cheaper 
dian  the  ordinary  methods  of  constructioa. 

Mr.  J.  Lemon  :  Kot  in  all  cases, 

Mr.  J.  T.  EA.TBa :  There  are  a  great  many  eases  where  it 
would  prove  a  great  saving,  viz.  in  the  constructioa  of  tanks, 
where  one  has  to  pat  3-feet,  4-feet,  or  5-feet  walls,  the  saving 
by  the  use  of  armoured  concrete  would  be  very  great  In  the 
constructioQ  of  tanks  a  large  amount  would  be  saved  in  Qie 
quantity  of  excavation  where  you  could  get  walls  4  inches, 
6  inches,  or  6  inches  thick  instead  of  3  feet,  4  feet,  or  5  fla^ 
thick.  This  would  make  a  considerable  difference  in  the  cost  of 
conatmction  of  tanks.  Mr.  Palmer,  in  the  last  paragraph  of  his 
paper,  says  he  has  parpoaely  refrained  from  introducing  into 
the  paper  any  of  the  many  formulae  used  in  working  oat  the 
stresses  in  reinforced  designs.  I  disagree  with  my  fiiend,  Mr. 
Lemon,  on  that  point.  I  think  it  would  be  as  well  to  introdnce 
all  the  formulee  upon  which  the  designs  are  baaed,  because  with- 
out  them  we  are  unable  to  satisfy  ourselves  as  to  the  merits  of 
any  system  placed  before  us.  The  patentees  are  very  chary  of 
giving  the  formulae  upon  which  their  conslmction  is  based. 
Whenever  one  has  to  go  to  the  Local  Government  Board,  or  to 
advise  an  authority,  yon  must  have  reason  for  your  faith,  and 
yon  must  be  conversant  with,  and  fully  appreciate,  the  ftmnulK 
upon  which  all  the  calculations  of  stresses  are  based.  With 
municipal  engineers  particularly,  you  have  to  go  to  the  Local 
Government  Board  to  borrow  money,  in  which  case  you  want 
to  be  able  to  answer  any  questions  that  may  be  put  to  yon  l^ 
the  inspector  in  support  of  the  scheme  put  forward.  I  hav« 
had  some  conversation  with  the  engineering  staff  of  the  I^ocal 
Government  Board,  and  I  have  come  to  the  conclusion  that  the 
Board  is  not  very  favourable  to  reinforced  concrete  at  preseat. 
Indeed,  they  appear  to  be  voy  chary  of  its  use,  and  will  require 
a  good  deal  of  information  before  sanctioning  the  erection  of  any 
Btmcture  of  first  class  importance.  In  fact,  I  know  aome  of  tlie 
members  of  the  staff  are  entirely  against  it.  I  asked  whether 
they  took  any  notice  of  the  reinforcing  at  all,  and  wbetlier  yoa 
had  to  make  the  structure  sufBciently  stable  as  if  it  were  without 
the  reinforcing  material.     Though  I  conld  not  get  anything 

DigizedbyGOOgle 


381 

reliable  or  definite  on  the  point,  1  nnderatood  tliat  the  Local 
Goremment  Board  satisfied  themselTes  as  to  tlie  atability  of  the 
work  vithoat  any  reinforcing.  If  that  is  tiie  case,  there  would 
be  no  aaving  at  tJI,  as  70a  would  have  yonr  walla  stable  without 
the  reinfoToement.  I  hare  had  the  pleasure  of  seeing  some  of 
these  reinforced  concrete  structures.  One  instance  is  the  water- 
tower  at  Bournemouth.  I  was  exceedingly  straok  with  ita  very 
light  construction.  Although  the  tank  is  about  16  feet  deep,  it 
is  perfectly  watertight,  and  the  thickness  of  the  sides  is  4  inches 
at  the  top  and  5  inches  at  the  bottom.  A  few  years  ago  one 
dared  not  have  suggested  such  a  thing,  but  now  it  ia  an  actual 
fact 

Mr.  Blaib  :  Are  there  any  cross-ties  in  tiiat  ? 

Mr.  Eatbs  :  No.  I  have  also  seen  Weaver's  grain  silos  at 
Swansea.  There  the  partitiona  in  the  grain  silos  are  60  f^  to 
80  feet  high,  and  the  walla  are  4  inches  thick  at  the  top  and 
6  inches  thick  at  the  bottom.  And  we  all  know  that  to  contain 
60  feet  to  80  feet  of  grain,  ordinary  walls  would  have  to  be  of 
enormous  thickneas.  But  these  4  inches  to  6  inohea  are  considered 
sufficient,  and  there  is  not  a  crack  in  the  building.  I  believe 
that  building  is  also  constructed  on  concrete  piles. 

The  Pebsidknt  :  I  will  see  that  the  Authors  of  the  papers  are 
informed  of  the  votes  of  thanks  which  have  been  given  them. 
I  have  carried  out  a  good  deal  of  moulded  concrete  work,  but  very 
little  fetTO-concrete.  I  have  got  over  the  trouble  of  die  waste  of 
timber  by  only  using  moulded  work  where  there  is  a  lot  of 
repetition,  and  then  using  iron  moulds.  I  have  some  work  now 
where  I  am  building  a  parapet,  and  that  is  coming  out  at  a  very 
low  price  indeed. 


CoMMmncATm  EKPLr, 

Mr.  PAJ.HEB :  Mr.  Fresident,  allow  me  to  thank  you  for  having 
the  kindness  to  read  my  paper  on  Beinforced  Concrete.  I  was 
unavoidably  absent  from  a  meeting  at  which  I  should  very 
muoh  like  to  have  been  present ;  and  I  am  glad  to  see  that  the 
subject  was  one  which  was  interesting  to  the  Members  of  the 
Association,  and  productive  of  discussion.  1  think  there  is  very 
little  for  me  to  reply  to ;  and  I  am  extremely  pleased  to  see 
(hat  the  Members  of  the  Association  are  following  up  the  use  of 
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reinforced  concrete  by  associating  themselves  with  the  Boyd 
Institute  of  British  Architects. 

With  regard  to  the  remarks  made  by  Mr.  James  as  to  tht 
constmctJOD  of  ssTers  in  flBiro-concrete,  tins  branch  ol  tite 
subject  is  one  which  requires  very  careful  consideration,  and  id 
my  opinion  it  is  not  pmdent  or  feasible  to  use  annonted  cce- 
ciete  except  for  oompaTatively  large  sewers  or  conduits.  Then 
are  distinct  and  very  appreciable  advantages  to  be  gEUoed  bj 
the  use  of  this  material  in  bad  ground  for  a  structure  of  eon- 
sideiable  size.  Many  examples  of  large  sewers  are  to  be  foand 
built  in  armoured  conar^  both  in  Germany  and  Americi, 
either  constructed  entirely  in  concrete  or  lined  with  brickwod. 
The  atmoming  for  stracttues  of  this  kind  usually  consists  of 
either  a  network  of  smaU  steel  rods  or  stouter  steel  rods  used 
transrersely  to  the  sectios  of  the  sewer.  Although  it  is  nnuJ 
for  these  structaree  to  be  built  in  monolithic  sections,  as  a  mle 
not  exceeding  20  feet  in  length,  there  are  known  cases  ^irtiat 
as  long  a  length  as  50  feet  has  been  put  in  at  one  operatioL 
In  constructing  sewera  in  ferro-concrete,  the  necessity  of  haiiBg 
the  concrete  fine,  made  of  the  very  beet  materials,  and  packed 
in  in  a  sufficiently  wet  state  to  ensure  homogeneity,  must  lie 
borne  in  mind ;  and  the  inside  snr&ce  must  of  course  be 
rendered  after  the  centros  have  berai  removed,  if  not  lined  witli 
brickwork.  Expanded  metal  makes  a  very  suitable  armonriog 
for  sewer  work.  Armoured  concrete  sewers  of  small  dimensioiut 
ie.  up  to  3  feet  or  4  feet  in  diameter,  are  cast  in  special  planta, 
and  are  usually  manuiactured  by  some  patent  process. 

There  is  no  doubt  that  armoured  concrete  will,  by  degieee, 
be  used  very  lai^y  for  sewer  construction  in  this  countzj, 
and  where  good  materials  can  be  obtained  cheaply  its  cost  will 
be  considerably  less  than  a  brick-constmoted  sewer.  But  hoe 
again  the  use  of  this  material  must  largely  depend  on  locsl 
conditions  and  circumstanoes,  and  for  ite  success  should  be 
carried  out  by  men  thoroughly  accustomed  to  all  lands  of  good 
concrete  work.  The  strength  of  the  material  depends  so  mneh 
on  ^e  proper  manipulation  and  placing  of  the  concrete  and 
armonring,  that  it  is  requisite  that  the  work  should  not  be 
entrusted  to  cndinary  labourers  bat  to  skillod  concrete  workers. 
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ADAPTATION  OF 
HIGHWAYS  FOR  MODERN  TRAFFIC. 

By  C.  H.  cooper,  Wimblbdon. 

It  miut  be  apparent  to  the  most  casaal  observer  diat  many  of 
tbo  existing  highwayfl  of  this  cotmtiy  are  sadly  in  need  of  im- 
provement in  order  to  adapt  them  for  rapid  traffic,  euch  as  has 
been  introdnced  -with  self-propelled  yehiclea.  The  &ct  that  some 
of  the  existing  carriageways  have  remained  in  their  present 
conditioQ  as  a  menace  to  life  and  limb  for  so  many  years  reflects 
great  discredit  on  highway  authorities. 

Many  authorities  allow  buildings  to  be  brought  forward  in 
such  a  manner  that  ultimately  lai^e  sums  of  money  have  to  be 
expmded  in  order  to  widen  highways  which  must  eventually 
form  arterial  thoronghfatea.  The  Author  knows  of  many  cases 
in  and  about  the  Metropolis,  where,  within  the  last  thirty  years, 
owners  offered  land  to  highway  authorities,  either  without  pay- 
ment or  for  a  nominal  sum  for  the  purpose  of  widening  bi^- 
ways,  provided  the  authorities  did  the  paving ;  but  the  so-called 
economist  of  those  days  had  not  Uie  nerve  to  ondertoke  such 
paving,  the  consequence  being  that  now  buildings  have  been 
erected  these  widenings  become  matters  ctf  necessity,  and 
hundreds  of  thousands  have  to  be  expended  where  hundreds 
would  have  sufficed  some  few  years  since. 

By-laws,  and  eo  &r  as  the  Auth<nr  is  aware,  local  Acts, 
make  no  provision  for  the  rounding  of  comers  at  the  intersec- 
tion of  roads,  even  in  the  case  where  such  roads  are  being 
laid  out. 

The  Author  has  been  much  struck  with  the  great  difficulty 
experienced  in  getting  local  authoritiea  to  appreciate  the  neces- 
sity of  wide  highways  and  the  rounding  off  of  comers,  and  he 
has  been  met  with  such  ai^piments  as  that  Batcliff  Highway, 
which  is  only  30  feet  wide,  carries  more  traffic  than  any  road 
in  his  district,  and  why  therefore  should  be  insist  on  a  wider 
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road — and  Uiis  not  &om  an  ordinary  member  of  a  cotmcil,  bnt 
&om  an  eminent  member  of  the  engineering  profGBsion. 

It  voold  be  veil  if  some  jwovision  were  in  force  to  oompd 
highway  anthorities  to  have  aU  new  atreeta  ao  laid  ont  that  every 
portion  of  tbe  carriageway  ia  visible  &om  every  other  part  of 
such  canit^way,  which  ia  within  a  distance  of  at  least  100  Uei, 
and  that  at  the  junction  of  any  two  carriageways  the  same  role  is 
observed  aa  if  they  formed  the  same  atreet.  The  nason  of  this 
jvovidon  ia,  that  vehicles  approaching  should  aee  each  other  at 
as  early  a  period  as  possible,  so  as  to  give  every  opportimi^  of 
avoiding  collision. 

Steep  inclines  form  a  great  sonrce  of  danger  fbr  all  forms  ot 
wheel  traffic,  more  especially  when  roads  meet  on  inclines  or  at, 
or  near,  their  lower  termination.  The  Anthor  knows  of  nothing 
that  shows  the  absurdity  of  having  a  uniform  rate  of  speed 
allowed  for  vehicles,  more  than  the  case  of  steep  indines, 
especially  when  it  is  remembered  that  on  many  of  these  inclines 
not  a  single  week  passes  without  accidents,  which  if  not  accom- 
panied by  loss  of  life  or  personal  injury,  results  in  considerable 
damage  to  rolling  stock  and  fences,  which  shows  that  it  has  been 
dae  more  to  good  luck  than  otherwise  tiiat  personal  iiguiy  has 
not  accrued.  Authorities  should  therefore  endeavonr  as  br  as 
possible  to  have  streets  laid  out  so  as  to  reduce  inclines,  and 
where  roada  intersect  to  round  off  comers  next  the  higher  ptntion 
of  the  incline  to  as  great  an  extent  as  possible. 

Surface. 

The  surface  of  carriageways  ia  a  matter  which  requires  con- 
siderable attention,  not  only  to  carry  horse  traffic  in  comfort,  but 
more  especially  to  ensure  aaSety  and  comfort  to  cyclists  and 
motorisla.  The  sur&ce  should  therefore  be  as  eves  as  possible, 
and  although  all  carriageways  should  be  properly  arched,  there 
should  be  no  excessivejaiching  such  as  would  lead  to  the  centre 
of  gravity  of  vehicles  being  placed  dangerously  near  the  outer 
wbeeL  No  gully  gratings  should  be  allowed  in  the  cartiagewaya, 
but  gullies  should  be  placed  beneath  the  paths,  with  a  proper 
weir  formed  in  the  kerb  to  take  die  water  on  to  auoh  grating, 
tim  leads  to  the  necessity  for  provision  being  made  to  prevent 
wiBJTii^  being  plaoed  beneath  tLe  paths  in  such  positions  as  to 
interfile  wi^  that  suggested  for  the  gulley-pans. 
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Mfuiy  persona  look  on  motors  vith  pneumatic  tires  as  causing 
conaideiable  damage  to  highways.  This  is  no  donbt  the  cause 
where  oaniageways  are  badly  constmcted  in  the  first  instance, 
or  are  badly  maintained ;  but  the  Author  knows  of  no  form  of 
traffic  which  causes  less  damage  to  carriageways,  provided  the 
surface  lb  properly  laid  and  a  proper  state  of  moisture  maintained. 
This  will  be  seen  on  a  main  road  biking  a  large  quantity  of  motor 
traffic  on  a  spring  or  autumn  morning  when  the  carriageway 
holds  just  sufficient  water;  a  beautifully  smooth  surface  will 
result  from  the  constant  rub  of  the  pneumatic  tires ;  a  very 
laige  amount  of  tonnage  is  thus  carried  with  a  minimum  amount 
of  damage  to  the  carriageway. 

There  is  no  doubt  that  when  railways  became  the  great 
carriers  of  the  country  the  question  of  our  highways  became  a 
matter  of  secondary  consideratiou ;  in  fact,  in  too  many  cases 
they  were  neglected  to  an  extent  that  must  have  damaged  many 
interests.  This  state  of  affairs  is  rapidly  changing,  as  our  car- 
riageways have,  with  the  introduction  of  self-propelled  vehicles, 
become  a  great  means  of  conveying  the  wealthier  portion  of  the 
pleasure  seekers.  At  the  same  time  the  introduction  of  heavy 
motor  traffic  is  being  institated  for  the  canyii^  of  goods,  a  class 
of  traffic  which  must  of  necessity  increase  enormously.  Local 
authorities,  if  tliey  wish  to  remain  highway  authorities,  must, 
therefore,  moke  up  their  minds  that  the  ordinary  country  road, 
which  in  years  gone  by  was  never  subjected  to  a  load  exceeding 
2i^  to  3  tons,  will  in  the  near  future  be  subjected  to  loads  of  at 
least  ten  times  this  amount,  and  that  any  attempt  to  prevent 
these  loads  traversing  their  roads  at  seasons  when  injury  is 
likely  to  be  caused  cannot  be  maintained.  The  only  step  for 
such  authorities  to  take  is  to  form  their  highways  in  such  a 
manner  as  that  at  all  seasons  they  are  capable  of  bearing  heavy 
traffic,  and,  above  all,  to  see  that  all  new  streets  and  roads  are  so 
laid  out  that  they  will  carry  heavy  traffic  at  all  seasons. 

This  work  may  appear  to  involve  at  first  sight  a  large  capital 
outlay,  but  the  Author  can  only  state  that  in  his  own  district, 
in  which  he  is  happy  to  say  there  are  now  very  few  roods  without 
proper  foundations,  the  cost  of  maintenance  of  roads  properly 
formed  is  far  less  than  that  of  roads  without  good  foundation, 
and  that  the  difference  in  cost  of  maintenance  per  mile  more 
than  compensates  for  the  cost  incurred  in  properly  forming  the 
highways  in  question. 

2  0 
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There  are  obstructioDS  whicb  sboold  be  avoided  as  &r  as 
possible,  viz,  the  placing  of  lamp-posts  and  sign-boards  close  to 
the  carriageway.  These  should  be  placed  in  such  positions  as 
not  to  interefare  with  the  use  of  the  whole  of  the  carriagewaj, 
which  the^  do  if  placed  in  snoh  position  as  to  engage  overbang- 
ing  loads. 

Footways  akb  BBiDLE-pAraa 

Although  the  title  of  this  paper  may  not  entitle  the  writer,  he 
cannot  conclude  a  paper  on  highways  without  lefening  to  the  De- 
lected state  of  footways  and  bridle-paths  througbont  the  oonntiy. 
Now  that  our  cairiagewaya  are  being  converted  more  or  less  into 
engine  tracks,  the  solitude  of  these  paths  forms  a  most  pleasing 
contrast  to  the  danger  and  flurry  to  which  our  highways  are 
subjected,  and  the  Author  thinks  it  is  a  matter  wUch  reflects 
very  severely  on  highway  authorities  that  in  many  cases  they  take 
no  steps  whatever  to  prevent  these  footways  and  bridle-paths 
being  closed — viz.,  Ermyn  Street,  the  Koman  road  crossing 
Epsom  Downs  and  Mickleham,  Surrey,  Others  are  so  overgrown 
with  trees  as  to  be  perfectly  useless.  The  Author  knows  of 
many  in  which  one  would  be  above  Us  knees  in  mud  were 
he  to  attempt  to  traverse  them.  Whilst  highway  authorities 
have  of  necessity  to  lay  out  money  to  accommodate  the  pleasure- 
seeking  motorist  and  cyclist,  the  Author  considers  that  the 
equally  deserving  individual  who  is  still  satisfied  with  the  means 
of  locomotion  that  the  gods  have  allotted  him  has  qoite  as  strong 
claims  on  the  rates  expended  on  highways  as  the  individual 
who  can  afford  lOOOZ.  for  a  motor.  But  whereas  hundreds  of 
thousands  of  pounds  are  laid  out  to  provide  for  the  comfort  of 
the  latter,  not  one  penny  piece,  so  far  as  footways  and  bridle* 
paths  are  concerned,  is  laid  oat  for  the  former.  There  is  so 
doubt  that  this  is  to  a  large  measure  due  to  the  desire  on  the 
part  of  landowners  to  attempt  to  close,  as  they  do  in  many 
instances,  footways  and  bridle-paths. 


DISCUSSION. 

The  Pbesidekt  :  Mr,  Cooper  suggests  that  proper  powers 
ought  to  be  given  to  local  authorities  to  insist  on  the  rounding 
off  of  comers  at  the  intoraeotions  of  roads.    I  quite  agree  with 
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him.  At  the  same  time  I  think  surveyors  have  to  be  careM 
as  to  the  amount  of  such  curving  they  give  to  the  carriageway. 
If  such  junctions  are  made  too  easy  it  will  permit  of  motor  cars 
and  other  vehicles  mshing  along  at  too  great  a  speed,  I  would 
give  the  extra  space  to  the  footpath  so  as  to  be  a  protection  to 
foot  passengers  at  tiia  same  time  facilitating  vehicular  trafiBc  hy 
enabling  vision  for  greater  distances  into  joining  atreeta.  M 
one  time  I  put  up  mirrors  in  Korwich  at  the  comer  of  roads. 
They  gave  great  satisfaction  but  the  small  boys  broke  them  up 
to  such  an  extent  that  we  bad  to  give  np  their  use.  As  to 
conatructing  gulleys  in  the  footpaths,  I  have  had  to  do  that  in 
Norwich,  not  for  the  reason  given  by  Mr.  Cooper,  but  because 
of  the  narrownesB  of  the  streets,  and  in  some  cases  have  been 
forced  to  put  them  near  the  boundaty  of  walls  and  houses. 
The  owners  are  reaponaible  for  paths  across  fields,  and  if  they 
do  not  mftinfitin  them,  and  the  public  authorities  do  not  compel 
them  to  maintain  them,  the  public  have  an  absolute  right  to 
divert  where  the  paths  are  impassable.  If  the  public  will  do 
that  the  owners  will  often  do  the  work  of  repair.  I  know 
there  are  difScultiea  in  getting  owners  to  effect  repairs  to  field- 
paths,  and  in  some  cases  it  is  more  economical  to  do  it  yourselves. 
Bat  the  public  have  powers  in  this  matter. 

Mr.  A.  T.  I>i.via :  I  have  pleasure  in  proposing  a  vote  of 
thanks  to  Mr.  Cooper  for  his  paper.  I  agree  with  the  President 
that  in  the  matter  of  roimding  off  comers  it  ia  better  to  round 
off  tii6  building  line,  rather  than  the  kerb  line  of  the  footpath. 
That  tends  to  tlie  safety  of  the  public.  It  enablea  drivers  of 
vehicles  to  aee  approaching  vehicles  and  it  compels  them  to 
alow  down  at  comera  as  they  ought  to  do.  As  to  cvxvea  I  was 
inspecting  some  a  few  days  ago  in  my  county  of  Shropshire  at 
points  where  wo  were  proposing  to  put  np  motor  notices.  I 
measiued  with  my  divi^onal  surveyor  the  distance  at  whidi  we 
could  aee  each  other,  and  I  found  we  could  see  each  other  in 
one  case  at  46  yards  distance,  so  I  decided  not  to  erect  a 
warning  notice  ther&  T  notice  that  Mr.  Cooper  pats  the 
minimum  distance  at  which  drivers  ought  to  be  able  to  see  each 
other  at  100  feet  or  33  yards.  I  think,  however,  that  is  little 
enough.  It  is  far  better  in  the  laying  out  of  new  roads  and 
atreelB  to  work  on  the  principle  of  prevention  being  betfier  than 
cure,  and  make  the  curves  so  that  drivers  can  see  each  other 
rather  than  to  have  to  put  up  notices  advising  them  to  observe 

2  c  2 


1 1»  Google 


888        ADAPTATIOK  OF  H16HW1TB  FOB  UOVXBS  TBAFFIC. 

caution.  Aa  to  wide  roftda  I  was  in  London  recently^  and 
waa  driving  along  Kingsway,  the  new  road  from  the  Saaod 
to  Holbom,  and  the  gentleman  I  was  with  called  attention 
to  the  width  of  that  road — what  he  called  the  absurd  width 
of  the  road.  He  said  to  me  "  it  ia  absolutely  impossible  for  na 
to  carry  on  trade  in  so  wide  a  road,  aa  it  takes  ao  much  time 
and  trouble  for  people  to  get  ftvm  one  aide  of  the  road  to  the 
other.  We  don't  want  people  to  walk  along  on  one  side  of  the 
road  only,  but  to  cross  over  from  one  side  to  the  other,  and  give 
ns  all  a  chance."  That  shows  there  is  another  side  to  this 
question  of  wide  roads.  Those  who  are  tradesmen  r^ard  this 
matter  &om  the  aspect  of  the  effect  upon  their  own  pockets,  u 
my  friend  in  London  the  oUier  day  looked  at  it 

Mr.  H.  T.  Wakelah  :  I  should  like  to  confirm  the  statement 
made  by  Mr.  Cooper,  as  to  the  absolute  necessity  for  wida 
roads  in  the  neighbonrhood  of  London.  A  fortnight  or  three 
Ireeka  ^o,  it  was  my  duty  to  submit  to  a  special  committee 
Schemes  for  widening  the  tmnk  roads  out  of  London  tmn  80  to 
100  feet.  To  do  this  would,  of  couree  necessitate  a  very  huge 
Aspenditure.  I  feel  oa  Mr.  Cooper  feels,  that  these  roads  most 
either  to-day  or  at  some  future  date  be  widened  for  the  ever- 
increasing  traf&c.  The  main  road  tJiat  we  have  passing  through 
Brentford  to-day  is  really  a  blot  on  the  suburbs  of  Londoa  If 
that  road  could  only  be  widened  at  a  moderate  cost,  it  would  be 
a  most  useful  work.  My  OBtimated  coat  of  the  widening,  however, 
ia  something  like  450,000^.  If  the  trunk  roads  out  of  London 
are  to  be  widened,  it  means  an  exchei][uer  grant,  because  cer- 

.    tainly  the  county  of  Middlesex  cannot  bear  the  whole  expense. 

,  Aa  to  rounding  off  comers,  I  agree  t^t  it  ia  not  a  wise  thing  to 
have  too  easy  a  curve  at  the  corner.  If  you  have  the  buildings 
rounded  off,  it  is  much  better  and  safer  for  trafiSa  Mr.  Cooper 
will  have  the  same  experience  in  this  respect  as  I  have  in 
Middlesex.  With  regard  tb  signboards  this  matter  was 
thoroughly  discussed  at  the  annual  meeting  of.  the  County  Su> 
veyors'  Society  in  London,  and  much  good  has  been  done  in  the 
county  of  Middlesex,  where  we  had  returns  sent  in  by  the  urb«n 
and  rural  authorities,  for  something  like  1500  signboards  and 
symbols  which  were  wanted  under  the  motor  car  regulations  Ua 
dangerous  places,  comers,  and  cross-roads  in  the  county,  and  we 
are  now  Meeting  something  like  999,  which- shows  the  necessity 
for  improvii^  the  roads  and  curves  in  Middlesex.    The  vill^^  ci 
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Colnbroott  on  the  Batli  road  ia  an  actual  death  trap  for  people 
who  get  in  the  way  of  fast  motor  traffic.  If  le^lation  can 
be  obtamed  to  meet  such  difficulties  in  the  counties  around 
London,  something  to  the  advantage  of  the  vast  population 
coDcerned  will  have  been  brought  about.  In  connection  with 
the  extremely  large  scheme  of  light  railways  and  tramways 
I  am  now  carrying  out  in  the  county  of  Middlesex  for  the 
county  councU,  all  ^e  roads  over  which  the  railways  and  tram- 
ways are  being  taken  are  being  widened  to  a  minimum  width  of 
50  feet.  At  present  I  have  about  35  track  miles  already  laid, 
and  working,  the  routes  of  which  hare  all  been  widened  to  50 
feet  at  a  very  considerable  expense.  The  acquisitions  of  lands, 
road  widenings  and  works  (apart  from  administration,  track- 
work,  etc.)  have  cost  about  ZOfiOQl.  per  mile.  From  this  it  will  be 
at  once  seen  what  an  enormous  expense  it  would  eqtail  to 
widen  the  trunk  roads  to  80  or  100  feet,  on  most  of  which  roads 
whole  properties  would  have  to  be  purchased.  We  have  already 
in  numerous  cases  set  hack  frontage  fences  and  foreconrta 
which,  necessarily,  are  not  bo  costly  as  whole  properties  would 
be..  In  connection  with  the  Middlesex  county  scheme,  I  have 
still  about  60  to  70  miles  of  trackwork  and  widenings  to  oarry 
out — plans  for  which  are  practically  all  ready. 

Mr.  C.  H.  Cooper,  in  reply,  said :  I  am  very  pleased  that 
you  have  thought  fit  to  accept  this  little  paper,  which  was 
written  simply  to  bring  certain  important  points  which  appear 
to  me  had  been  before  you.  As  r^ards  the  rounding  of  comers 
I  have  been  rather  surprised  to  hear  what  the  President  and 
Mr.  Wakelam  have  said  on  that  point.  The  reason  for  curving 
is  to  allow  the  drivers  of  two  vehicles  coming  in  different  direc- 
tions to  see  each  other  at  as  great  a  distance  as  possibla  To 
allow  sharp  comers  to  be  made  is  one  of  the  greatest  possible 
mistakes.  In  the  case  of  tramways  you  insist  upon  property 
being  purchased  for  the  patting  in  of  proper  curves,  and  why 
should  you  not  be  equally  particular  in  the  case  of  ordinary 
vehienlar  b^ffic  As  to  Mr.  Davis's  remarks  on  the  possibility 
of  too  wide  roads,  I  am  afraid  we  are  not  likely  to  get  many 
of  these  roads.  I  know  a  road  in  a  district  adjoining  my  own 
which  will  be  a  main  thoroughfare  out  of  London,  and  they  are 
allowing  the  buildings  to  be  erected  so  that  the  road  cannot  be 
more  tiian  40  feet  in  width.  Let  me  advise  those  who  advocate 
narrow  roads  to  go  to  Brentford  and  see  what  is  going  on  there. 
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It  IB  an  absolute  fact  that  vehiclea  have  to  draw  op  on  the  foot- 
paths to  unload.  The  widening  of  the  Harrow  load  and  other 
roada  under  Mr.  Wakelam  aie  worka  which  will  be  of  great 
valae. 

The  FREsmENT :  There  was  no  eaggeation  that  the  corneas 
should  not  be  rounded  off;  only  don't  put  all  the  rounding  into 
the  carriageway  j  because  if  you  do  you  will  encoura^  fast 
vdiicular  traffic,  and  make  matters  worse  than  they  are  now. 
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TRAMWAY    PERMANENT  WAY   MATERIALS 

AND   CONSTRUCTION. 

By  JOSEPH  OWEN,  Colchbstbb. 

With  ao  much  matto  previooely  vritten,  no  doabt  Bome  apology 
is  neceeaary  in  introducing  another  paper  on  the  above  subject, 
but  the  Author  trusts  that  he  may  present  something  of  intoieat 
to  the  younger  Members  of  the  Association,  craving  at  the  same 
time  the  induIgeDce  of  those  who  have  already  an  extensive 
acquaintance  with  the  eubject  in  queetion. 


Materials. 

Baiit  and  Fiak-Plaiea. — The  standard  specification  and  sec- 
tions of  tramway  rails  and  fish-plates  issued  by  the  Engineering 
Standards  Committee  are  admirably  suited  to  meet  the  varying 
conditions  of  traffic  in  this  country,  and  their  adoption  enables 
the  manufacturer  to  keep  in  stock  a  quantity  of  each  bind  of 
rail,  while  saving  the  cost  of  providing  a  new  set  of  rolls  fat 
each  individual  order.  On  the  oUier  hand,  when  an  article  is 
brought  up  to  standard,  there  is  a  tendency  to  suppose  that 
finality  has  been  reached,  thus  cheokin^  initiative. 

Bails  60  feet  in  length  are  now  nearly  universally  used,  as 
it  has  been  found  that  they  are  but  little  more  awkward  to- 
handle  than  tiiose  of  46  feet  Turning  can  be  reduced  to  a 
mininiTitn,  by  arranging  that  the  heads  of  each  pair  of  rails  are 
on  opposite  sides  when  loading  up  the  lorries. 

The  fewer  number  of  joints  more  than  compensates  for  any 
small  increased  difficnlty  in  handling. 

In  the  earlier  days  of  electric  tracti<»i  the  carbon  specified 
in  many  cases  was  as  low  as  0*35  per  cent,  but  with  heavy 
traffic  and  ste^  gradients  Uiis  soon  proved  mach  too  low.    An 
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average  of  0*50  per  cent  has  been  proved  a  happ7  medinm, 
being  snfficientlj  low  to  avoid  signs  of  &actuie,  even  when 
crowed  to  a  curve  of  30  feet  radios,  and  sufficiently  high  to 
obtain  a  chemical  composition  prodadng  a  toogh  durable  raiL 

For  the  Sritiflh  standard  section  No.  2,  the  weight  of  fish- 
plates is  given  as  49^  lb.  per  pair,  but  this  being  the  wei^t 
before  the  holes  are  cut  is  somewhat  misleading.  The  actual 
weight  as  aapplied  is  46|  lb.  per  pair — a  diSerence  of  aboat 
6  per  cent.,  sufficient  to  make  a  lai^  error  where  an  extensive 
contract  is  involved. 

To  avoid  the  possibility  of  the  fish-bolts  working  loose  by 
vibration,  they  should  be  fitted  with  a  lock-nuty  of  Uie  t^pe 
manufactured  by  Messrs.  Ibbotson  Bros.,  Sheffield. 

Special  Work. — Perhaps  iu  no  other  department  of  tramw&y 
construction  have  the  British  manufkctorers  made  such  im- 
provements as  in  t^e  case  of  points  and  crossings,  etc  A 
comparison  of  the  old,  short  cast-steel  point  with  the  13  feet 
6  inches  point  now  used  will  best  demonstrate  this.  The  latter 
can  now  be  obtained  either  as  a  casting  composed  entirely  of 
manganese  steel,  or  of  the  type  known  as  "  iron-bound,"  which 
consists  of  pieces  of  ordinary  rolled  rail,  the  portion  where  the 
wear  is  greatest  being  fitted  with  a  renewable  |date  of  manganne 
steel,  which  is  keyed  down  and  finally  ran  in  with  spelter ;  the 
various  portions  being  consolidated  with  a  strong  binding  of 
cast  iron. 

Iron-bound  oroasings  are  constructed  in  a  similar  manner  to 
the  above.  Automatic  and  movable  points  are  also  fitted  with 
tongues  of  manganese  steeL 

The  great  advantage  of  using  iion-bound  points  and  cross- 
ings ie,  that  uneven  wear  at  the  joint,  due  to  difference  in 
material,  is  greatly  redaced,  as  the  insert  plate  is  splayed  back 
and  tightly  fitted. 

The  extended  legs  can  also  be  crowed  a  little,  if  necessary. 
A  small  percentage  of  the  insert  plates  become  loose,  but  this 
can  be  remedied  by  directing  the  fiame  of  a  blow-pipe  on  the 
spelter,  taking  out  the  plate  and  running  in  a  fresh  quantity  of 
^e  cementing  material ;  or  the  plate  may  be  secured  by  driving 
in  small  hard  steel  wedges  at  opposite  comers.  When  used,  the 
blowpipe  should  be  carefully  directed,  or  there  is  a  danger  of 
cracking  the  casting. 
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A  croaaii^  with  a  loose  inseart  plate,  on  being  examined,  waa 
fonnd  to  have  the  binding  cracked,  probably  owing  to  its  posi- 
tion on  the  roll  of  a  hill,  and  being  more  rigid  than  an  equal 
length  of  rail. 

Figs.  1  and  2,  on  Drawing  No.  1,  show  a  aide  and  a  diamond 
torn- out  respectively,  and  at  the  end  of  Uie  paper  will  be  found 
some  of  the  calculations  necessary  for  their  design. 

The  points  are  13  feet  6  inches  long,  with  a  straight  run  in 
on  the  left-hand  side,  and  curved  to  200  feet  radius  on  the  right. 
This  throws  the  crossing  a  little  out  of  centre,  but  allows  the 
car  to  recover  from  any  jolting  consequent  on  entering  the  points 
before  coming  on  the  curves ;  for  the  same  reason  it  is  necessary 
to  have  a  tongue  of  greater  length  than  the  wheel  base. 

Where  a  loop  is  situated  on  a  hill  it  is  better  to  turrange  for 
a  side  turn-out  to  be  taken  by  the  "  up  "  car,  leaving  a  straight 
run  through  for  the  "  down  "  car,  to  avoid  a  probable  accident 
in  the  case  of  a  runaway  passing  throi^h  the  loop. 

For  any  kind  of  special  work,  two  open  points  for  one  track 
should  be  avoided,  much  smoother  running  being  ensured  by 
using  an  open  and  a  movable  point  ti^ether. 

The  movable  point  should  also  be  on  the  side  to  which  the 
curve  runs.  Thus,  if  the  curve  is  to  the  right,  the  right-hand 
point  should  be  movable  or  automatic,  and  the  left-hand  point 
open ;  and  viee  veraA  if  curved  to  the  left.  With  this  arrange- 
mentt  the  back  of  the  car-wheel  flange  bears  on  the  tongue,  but 
when  the  movable  point  is  on  the  wroi^  aide  there  is  a  great 
tendency  for  the  wheel  flange  to  mount  the  tongue. 

F)^.  1  on  Drawing  No.  2  shows  a  complicated  arrangement 
of  points  and  croaaicgs,  sometimes  adopted  for  car  depot  entrance 
curves.  An  arrangement  just  as  efGcient  and  much  more 
economical  is  shown  in  Fig.  2. 

Entrance  curves  should  terminate  before  the  pit  is  reached. 

Fig.  1  on  Drawing  So.  3  shows  the  cross  section  of  a  depdt 
pi^  the  rail  beii^  secured  to  a  creosoted  oak  siU  by  dogs  and 
coach  screws,  and  kept  to  gauge  by  strewed  |-inch  round  iron 
tie^bars  between  the  pita. 

Jomtt. — The  life  of  the  rail  is  only  Uiat  of  the  joint  To 
provide  aapport,  various  methods  have  been  adopted. 

The  joint  plate  shown  in  F^.  2  has  been  used  in  various 
places  with  nnvaryiog  socceas^  and  is  a  proved  cure  for  "  knock- 
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ing "  joints  in  old  track.  Its  ptinciple  is  that  of  the  parallel 
plates  in  a  level.  It  consists  of  a  metal  bed-plate  resting  on  the 
ooncrete,  a  steel  "supporting"  plate  in  Thich  two  holes  aie 
screwed,  and  of  two  hardened  steel  bolts,  which,  on  beiiig 
screwed  home  through  the  holes  provided  in  the  sappoiting 
plate,  ei^age  with  the  bed-plate,  and  thereby  lift  and  suj^Nfft 
the  joint  to  any  required  position.  Any  subsequent  depressioQ, 
due  to  the  rolling  load  or  any  other  cause,  can  be  readily 
adjusted  by  the  use  of  a  box-spanner  without  any  disturbanin  of 
the  paving.  In  new  track  work,  it  is  claimed  by  the  inventor 
to  entirely  obviate  the  necessity  of  expensive  steel  fish-plates, 
their  primary  function,  that  of  support,  having  entirely  ceased. 
In  place  of  fish-plates,  what  are  really  two  large  cast-iron 
washers  are  substituted,  being  held  from  lateral  movement  by 
two  ordinary  tie-bars;  shorter  electric  bonds  may  also  be  used. 
In  Manchester,  where  the  joint  support  was  first  tested,  aeveral 
"knocking"  joints  were  remedied,  and  are  now  in  a  perfect 
condition  after  twelve  months'  test  with  a  one  minute  ser- 
vice, which  is  equal  to  a  five  years'  test  with  a  five  minntes* 
service. 

Too  modi  attention,  in  the  past,  has  been  paid  to  railway 
practice,  although  the  conditions  are  totally  dissimilar.  In  no 
other  case,  has  this  proved  so  expensive  as  with  the  custom  of 
leaving  a  spaoe  for  expansion,  and  the  joint  unsupported.  In 
the  opinion  of  the  Author  a  joint  cannot  be  too  rigid,  and  the 
nearer  a  contanuoos  rail  is  approached  the  smoother  will  be  the 
running.  The  joint  plate  tliat  allows  for  a  cushion  effect  is  a 
certain  failure,  as  the  depression  becomes  greater  after  a  timc^ 
allowing  tlie  rail  to  swing.  No  room  for  expansioQ  need  be 
made  in  this  conntiy.  Each  rail  should  be  hammered  on  the 
end  to  ensore  the  tightness  of  the  previous  joint.  Many  joints 
which  have  been  left  wide  could  be  greatly  improved  by  inserting 
a  thin  section  of  the  rail  This  would  be  hdd  tightly  in  place 
by  the  fish-plates.  Others  are  so  bad  that  only  by  cutting  out 
the  joint  and  inserting  a  short  piece  of  rail,  varying  in  length 
according  to  the  wear  on  either  side  of  the  joint,  could  any 
improvement  be  effected. 

It  was  observed  that  a  certain  length  of  track  Was  badly  out 
of  alignment,  due  to  being  exposed  to  the  sun  previous  to  paving 
and  concreting.  The  rivets  were  therefore  cut  out,  the  fish- 
plates taken  away  &om  one  joint  on  each  raO,  and  the  rail  ends 
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allowed  to  slide  past  each  otlier.  In  a  short  time,  there  vas  an 
expansion  of  4  inches  abowing.  The  track  was  then  concsreted 
to  vithin  a  short  distance  on  either  side  of  the  released  joint, 
which  was  afterwards  fished  np  and  concreted  late  in  the  after- 
noon. Once  the  fiange  was  embedded  in  concrete,  it  waa  fbnnd 
that,  although  the  rest  of  the  rail  was  exposed  previoos  to  paving, 
the  ezpandon  was  negligible,  being  only  apparent  by  a  fine 
crack  in  the  concrete  over  the  flange  at  a  point  where  there  was 
a  sharp  curve.  A  slight  amount  of  "  creeping  "  will  be  encoun- 
tered, mostly  on  the  hills,  but  can  be  neutralised  by  placing 
cross  plates  in  the  middle  of  each  rail 

7Ke-Bars. — But  little  saving  ia  efTected  hy  using  tie-barB 
notched  at  one  end  and  screwed  at  the  other,  and  they  are  not  ao 
efficient  aa  Uiose  screwed  at  each  end.  When  finally  .easing  the 
track  in  line  with  bars,  the  notched  ends  slip,  thus  altering  the 
gauge.  It  should  be  insisted  tiiat  all  tie-bars  comply  with  a 
certain  standard  of  strength ;  those  supplied  by  a  certain  maker 
were  80  weak,  that  during  the  night,  owing  to  contraction  of 
the  rails  at  a  curve,  tlie  tie-bam  buckled,  alterii^  the  gauge  aa 
much  aa  10  inches. 

Bond». — In  choosing  the  type  of  bond,  preference  should  be 
given  to  one  which  can  be  re-uaed  in  caae  of  repairs,  etc. 

Plastic  bonds,  inserted  between  the  fish-plate  and  web,  have 
been  proved  practically  a  failure,  losing  a  large  percentage  of 
conductibility  after  a  abort  time,  besides  requiring  careful 
handling  owing  to  their  poisonous  composition.  Crosa  bonds 
should  be  placed  at  intervals  of  50  yards  on  the  straight  track, 
and  long  bonds  over  the  points  and  crossings  in  addition  to  those 
provided  for  an  ordinary  Joint. 

Drain  Baiia  and  JBoxa. — There  ia  no  advantage  in  nsii^ 
drain  rails  in  preference  to  boxes,  and  their  use  merely  increaaea 
the  number  of  joints,  and  causes  additional  wear  due  to  differ- 
ence in  material  Trapped  drain  boxes  are  extensively  used, 
but  ssem  a  little  unneceaaary  where  the  sewers  are  ventilated  by 
means  of  perforated  man-hole  covers ;  a  slot  cut  in  the  bottom 
of  the  groove  discharging  over  a  square  box  dished  down  to  the 
outlet  wonld  carry  off  Uie  water  quicker,  without  the  same 
liability  to  become  choked  with  sand,  etc. 
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Skttiko  Out. 

Having  prepared  an  accttrate  plan  of  the  roate,  the  track  may 
be  plotted  on,  and  the  radii  of  the  various  curves  found.  Mntji 
unnecessary  time  is  ordinarily  wasted  by  setting  out  the  whole 
of  the  centre  lines  by  the  theodolite.  The  following  rapid  method 
of  Betting  out  ordinary  curves  has  been  used  exteneively  by  the 
Author  on  a  recent  contract. 

The  ends  of  the  curve  are  tied  in  from  some  defined  points 
on  the  street  line,  and  the  versed  sine  iii  obtained  from  the  weU- 
known  formula ; — 

V  o.  E  -  ^  R»  -  ( JC)'  where  E  =  radius  and  C  =  chord. 

Eeferring  to  the  ex^gerated  sketch  in  Fig.  3,  Drawing  No.  3, 
having  found  versed  sine  BD,  the  ofTset  EF  may  be  set  off  ^  BD ; 
and  similarly  GH  «  i  EF. 

This  method  may  be  extended  until  the  poles  touch  each 
other  if  desired. 

To  take  a  simple  case.  With  a  radius  of  2504  feet  and 
chord  400  feet,  the  versed  sine  BD  =  8  feet,  EF  =  2  feet,  and 
6H  and  JK  =  6  inches.  The  Tnatimnm  error  is  at  £,  where  the 
ofTset  is  actually  1  ■  998  feet,  or  au  error  of  only  ^  of  an  inch. 
This  error  would,  af  course,  be  greater  on  sharper  curves,  but  the 
method  may  l5e  used  on  all  curves  where  the  chord  is  not  greater 
than  half  tJie  radius.  A,  B  and  G  being  actual  points  on  the 
curve,  errors  are  minimised. 

The  above  method  can,  of  course,  be  utilised  for  setting  out 
kerbs,  etc.,  where  the  radius  is  not  known,  by  assuming  on  off- 
set at  the  centre  and  proceeding  as  before.  Where  the  chord  is 
long,  the  poles  may  be  sighted  in  straight  line  by  the  theodolite, 
or  other  telescopic  instrument. 

Portions  of  straight  track  between  two  curves  in  the  same 
direction  should  be  avoided,  or  a  very  unsightly  appearance  is 
presented,  the  termination  of  the  curve  being  very  apparent. 

A  flat  curve  between  the  two  sharper  ones  will  greatly 
improve  the  appearance  of  the  line  in  such  a  case.  Between 
reverse  curves,  however,  it  is  on  advantage  to  have  a  short  pmtion 
of  straight,  otherwise  the  curves  appear  so  distorted  on  the 
ground  as  to  be  meeting  at  a  point  instead  of  tangentially. 

If  several  ranging  rods  are  put  in,  any  apparent  deviatitm 
ftom  the  true  line  can  be  adjusted  to  the  eye,  saving  a  great 
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amonnt  of  eoung  of  the  laila  when  laid,  to  take  out  anj  such 
abrupt  change  of  line. 

For  double  junction  and  other  special  votk  the  system  of 
Bpinliaing  the  cuives  ia  now  generally  adopted.  A  central 
circular  curve  is  decided  upon,  from  the  termination  of  which 
the  line  is  eased  into  the  straight  by  a  succeBaion  ti  short  curves 
each  of  larger  radius  than  the  last. 

For  example.  A  curve  with  a  cestial  radius  of  39  feet  is 
gradually  dimmished  to  one  of  429  feet  before  nmnjng  tangen- 
tially  into  the  straight  At  a  pcnnt  27  feet  6  inches  &om  the  ter* 
miuation  of  the  central  curv&  By  reference  to  tables,  die  oSaota 
and  lengths  can  be  aaoertained  to  suit  various  central  ladiL 
'  Where  the  central  radius  is  not  thereby  made  too  small,  one 
of  the  best  methods  of  n^otiating  a  comer  is  by  means  of  a 
parabolic  curve,  in  which  the  radii  are  varied  &om  centre  to 
termination  at  the  straight,  thus  avoiding  the  appearance  of  a 
".knuckle  "  at  the  latter  point,  which  is  always  so  apparent  when 
a  curve  of  uniform  radius  is  set  out. 

Curves  are  not  unknown  on  which  the  Board  of  Trade  have 
refused  to  allow  two  cars  at  one  time,  due  to  the  fact  that  in- 
sufficient allowance  has  been  made  for  the  overhang  of  the  inner 
car  during  progress  round  the  carve.  In  Table  No.  1  is  given, 
to  the  nearest  ^  of  an  inch,  the  necessary  allowance  for  Che  over- 
hang of  ordinary  double-deck  cars  on  curves  of  radii  varying 
firom  36  to  400  feet.  These  are  obtained  by  finding  the  versed 
sine  formed  by  a  chord  of  22  feet  cutting  the  various  curves, 
and  adding  the  small  versed  sine  made  by  the  overhang  of  the 
wheel  base  of  the  outer  car,  as  shown  in  Fig.  4.  The  chord  of 
22  feet  is  the  length  of  straight  on  the  car,  beyond  which  the 
overhang  is  not  affected. 

For  a  40-feet  curve,  with  a  oar  6  feet  7  inches  in  width,  and 
4  ft.  8^  in.  gauge,  the  minimTim  distanoe- between  centres  of 
tracks  would  be : — 

ft.     ia. 

Oveihuig  of  oai  en  ftraigbt  tnok 1  lOf 

Eitia  oreilMDg  on  ODtTa I    7| 

Hiuimnni  elMnuoa  •llowed IS 

Otngt 4    St 

CsqUm       9    9( 

The  overhang  may  also  be  obtained  hy  using  a  piece  of  card- 
board the  shape  of  the  car,  having  cot  oat  a  rectangle  the  size 
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of  the  wheel  base  and  gange,  and  fitting  it  on  to  the  carves  of 
the  required  radii 

The  gaoge  eroond  a  cnrve  ahoold  be  widened  acooiding  to 
the  radius.  In  Table  No.  2  is  given,  to  the  nearest  ^  of  an  inch, 
the  extra  widths  required  for  3  ft.  6  in.  and  4  ft.  8^  in.  ganges 
respectively,  and  radii  varying  from  35  to  100  feet,  obtained  by 
ascertaining  the  difference  in  versed  sines  on  inner  and  onter 
rails  with  a  chord  of  6  feet  (wheel  base). 

To  keep  a  presentable  cross  section  of  street  it  is  not  always 
possible  to  give  the  necessary  amount  of  cant  required  for  certain 
speeds  around  carves.  It  is  especially  important  to  approach 
as  nearly  as  posiuble  the  cant  required,  where  a  curve  occnrs  at 
the  foot  of  a  gradient.  Applying  the  formula  for  centrifugal 
force:— 

gr' 

then,  where  v  and  g  =  velocity  and  force  of  gravity  pespectively, 
in  feet  per  second,  and  h,  I  and  r  =  cant,  gauge  and  radius  re- 
spectively in  feet,  sliding  force  towards  centre  =  centriAigBl 
force,  or 

•wh  _  mp* 

T  -77" 
Therefwe 

k.tl. 

gr 

With  4  ft.  8^  in.  gauge,  and  a  curve  of  60  feet  tadins,  the  cant 
necessaiy  for  a  speed  of  6  miles  per  hour  works  out  at  0  *  208  feet, 
or  2i,  inches,  thos  emphasising  the  need  for  cautious  driving 
round  curves  where  the  necessary  cant  may  not  be  obtained 
owii^  to  reverse  croea-fall  of  street,  etc 

Where  single  track  construction  is  adopted,  care  should  be 
taken  to  place  the  loops  in  such  positions  that  there  is  unint«i^ 
rupted  sight  &om  one  to  the  other,  or  a  troublesome  system  of 
electric  signalling  has  to  be  resorted  to.  Even  t^en,  however, 
cars  will  occasionally  meet  on  the  single  line,  causing  delays. 

Levels  should  be  taken  with  some  accuracy,  and  especially 
cross  sections,  in  order  to  determine  the  amount  of  cross-fall  to 
be  given  at  any  particular  point.  With  ordinary  double  track 
on  the  straight,  and  niwmal  cioss-fall  of  street,  a  cross-fall  of 
\  inch  may  be  given  from  inner  to  outer  rail ;  and  a  camber  c^ 
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i  inch  on  the  paving  between  the  rails.  An  even  contoor  maj 
be  obtained,  where  the  track  and  sides  are  paved  with  wood,  b^ 
keeping  down  the  outer  rail  1^  inch  and  giving  ^  of  an  inch 
camber  on  the  paving  between  each  track. 

In  many  towns  there  is  a  great  tendency  to  keep  the  paving 
finm  rail  to  kerb  too  flat ;  a  cross-fall  of  |  and  J  incdi  to  the  foot 
for  wood  and  granite  paving  respectively  is  not  excessive,  except 
for  steep  gradients,  where  the  cross-foil  may  be  reduced. 

Toothed  margins,  while  more  difficnlt  to  keep  macadam  np 
to,  are  less  likely  to  have  a  deep  groove  at  the  edge  of  the 
paving. 

Joints  of  paving  should  be  as  close  as  possible,  in  order  to 
avoid  the  excessive  wear  which  accompanies  wide  joints  by 
wheels  jumping  from  one  side  of  the  joint  to  the  other,  breaking 
off  the  arrises,  and  thna  causing  the  joint  to  become  wider  and 
wider. 

Latino  the  Pxbmanent  Wat. 

The  metdiod  of  first  crowing  the  rails,  and,  while  supported 
at  the  required  levels,  packing  above  and  below  the  rail  flanges 
with  concrete  in  one  operation,  is  now  more  gener^y  adopted, 
and  has  much  to  be  said  in  its  favour.  If  the  concrete  is  not 
too  wet,  a  solid  bearing  can  be  obtained  for  the  underside  of  the 
flange,  and  ths  concrete  above  resists  lateral,  vertical,  or  creep- 
ing movements.  In  smaller  towns,  wh^«  a  sett  4  inches  in 
depth  can  be  used,  the  depth  of  concrete  over  the  fluige  neces- 
sary for  this  purpose  can  be  obtained.  In  larger  towns,  where 
a  5-inch  sett  must  be  used,  the  same  result  could  only  be  oh* 
tained  either  by  deepening  the  web,  and  consequently  weaken- 
ii^  the  rail  to  some  extent  whUe  increasing  its  weight,  or  by 
catting  the  sett  as  shown  io  Fj^.  5,  Drawing  No.  3. 

The  old  method  of  laying  the  concrete  bed  first,  and  then 
packing  under  the  flange  with  cement  and  granite  chippings, 
has  been  proved  to  cause  endless  annoyance.  The  packing  pene- 
trated little  n^ore  than  an  inch  on  either  side,  leaving  the  central 
portion  of  rail  flange  entirely  unsupported.  When  the  wei^t 
was  brou^t  on,  the  flange  either  bent  or  the  packing  was 
crushed,  resulting  in  a  loose  rail  after  a  short  time. 

With'Uie  method  previously  mentioned  a  much  better  "top" 
can  be  obtained,  and  s^  and  rolls  in  the  original  road-surface 
taken  out  while  tiie  rails  are  being  laid. 
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To  avoid  nndne  waste  of  Ganent,  ngnkr  attention  should  be 
paid  to  cleating  out  grooves  of  laila  and  watering  of  track. 

With  heavy  traffic,  and  probable  cormgationa  in  the  surface 
of  the  rail,  a  rail  grinder  is  a  necessity ;  but  full  benefit  is  not 
derived  from  ita  use  if  the  joints  are  not  secured. 

Where  unusual  street  traffic  is  experienced,  chilled  cast-inoi 
paving  blocks  may  be  laid,  abutting  on  the  rails  alternately  with 
granite. 

Much  that  might  be  added  about  the  results  of  using  various 
kinds  of  paving  material  will  be  reserved  for  a  possible  fntnie 
contribution. 
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Calculations  foe  Turn-Outb. 

CVoss-Oiw.— With  a  crossing  of  1  in  6,  tangent  of  half  angle 
equals  -^  =  -0833.  Therefore,  half  angle  =  4'  46',  and  total 
angle  of  crossing  =  9°  32*. 

This  angle  ia  eqoal  to  that  subtended  by  the  arc  which  is 
required  to  connect  the  straight  to  the  line  of  crossing. 

To  find  length  of  tangent  A  B  ia  Fig.  1.  tan  4°  46'=    ^^ 

radios 
AB  B  tan 4° 46'  X  radios  =  -0833  x  200  =  16-66  feet 

Ooter  tai^nt  =  tan 4'  46'  x  204-708  =  17-01  feet. 

Other  lengths  are  then  calculated  by  the  relation  of  the  sines 
to  their  opposite  sides,  each  angle,  other  than  a  right  angle, 
being  either  9''  32*  or  80°  28',  and  the  base  either  4*708  feet 
(gauge)  or  3-79  feet  (centreway). 

To  find  length  of  inner  arc  A  C : — 

A  C  _  angle  sobtended  by  ai« 

circnmference  360°  ' 

therefore 

A  C  =  ^^''A?'^^°  >=  33  -26  feet. 


Each  side  of  the  cross-over  is  a  reverse  duplicate  of  the  other. 

The  toe  of  the  points  is  set  back  18  inches  &om  the  tangen- 
tial point,  as  this  portion  is  practically  atraight. 

Diamond  Turn-out. — In  'Fig.  2,  a  length  of  15  feet  has  been 
taken  from  the  tangential  point  D  to  heel  of  points  E.  This 
subtends  an  angle  of  4°  17'. 

The  angle  of  crossing  always  equals  the  som  of  the  angles 
subtended  by  the  arcs  which  are  lettered  D  E  and  F  G-,  and  as 
the  angle  subtended  hy  D  E  equals  4°  17',  then  the  angle  sab- 
tended  by  F  0  will  equal  9°  32'  -  4°  17'  =  5"  15'. 

Then  inner  tangent  DH  =  tan  2°  8' 30"  x  200  =  7 '47  feet, 
and  inner  tangent  FK  =  2°  37'  30"  x  200  =  9  '16  feet 

The  arcs  connecting  die  double  line  to  the  line  of  crossing 
are  similar  to  those  from  single  line  to  crossii^;. 
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Cost  or  Puunar  Wat  pu  Ijvul  Tabd  or  Bneu  Tkus. 
Gangs  «  ft.  81  in. 

c  <.       d. 

Bai1i,1001b.  x2«2001b,.Kt6L10*.pertan  ..  ..  Oil  7-«S 
FUli-plBtaa,  08  lb.  to  20  yuda  of  tnuik  =  4'9  Ib^  at 

71.  Jfj;  per  ton        0    0    S'SI 

Fiih-boltB,  29  lb.  to  20  jatda  of  ttMik  =  Vii  \b^  at 

141.  pn  ton 0    0    SIS 

He-ban,   11}  lb.  to  2}  yards  of  took  =  4)  lb.,  at 

9f.  Ai.  perton        0    0    4*46 

Copper  boadi — 

SO  In.  boudA.  Ifo.  4,  to  20  ynrdi  of  Uaok  =  0-2,  at 

IIL  S*.  pw  100 0    0    5-40 

60  io.  buidi,  No.  1,  to  50  yards  of  track  =  0-02.  at 
21LI5i.pttlOO        0    0    1-04 

48  in.  boDda,  No.  I,  to  100  yards  of  track  =  0-01,  at 

171.  ISf.  per  100       0    0    0-42 

Labonr,  bending  and  Iftying  rails,  eta.         0    16 

Carting  and  deliTering  rails  and  aeeossorles  alongdde 

work       0    0    6 

Eiaaration,  0-907  onbio  yiuds,  at  3*.  9(L  per  cnb.  yd.  0  8  4-81 
Concrete,  0'49G  cnUo  yanls,  at  16t-  pec  cubic  yard  ..0  7  1-04 
5  in.  granite  p«ving,2'69iuperflaial]'aidB,at  lOt.  6d. 

pet  niperfloial  yard     18    2-96 

Uaking  good  msMdatn  aargins 0    1     S 

Total «2  IS    0-33 


•  DISCUSSION. 

Mr.  A.  D.  Greatokex  :  I  should  like  to  propose  a  heai^ 
vote  of  thanks  to  Mr.  Owen  for  the  extremely  interesting  and 
useful  paper  be  has  placed  before  ns.  All  those  who  have  any- 
thing to  do  vith  tramways  aie  anzious  to  receive  up-to-date 
informatioii  on  the  subject.  Although  it  is  only  a  few  yean 
ago  since  many  of  the  tramways  in  this  countiy  were  laid  down, 
we  can  see  them  going  to  pieces.  Tberefrae,  if  we  can  gain  any 
infcomation,  even  &om  the  younger  members  of  the  profession, 
we  are  anzioua  to  do  bo.  With  respect  to  diagram  No.  3,  I 
would  like  some  information  as  to  how  long  this  special  joint 
h&B  been  in  operation,  and  some  information  as  to  the  towns 
which  have  tried  it.  It  appears  to  me  that  the  whole  weight  of  the 
CEUS  would  go  on  the  screws.  If  yoa  have  cars  like  we  have  in  tbe 
Black  Country,  of  10  tons  in  weight  carrying  70  passengers,  it  is  a 
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very  Iieavy  weighc  on  the  screws.  I  should  like  to  have  some  in- 
forniation,  if  Mr.  Owen  can  give  it,  as  to  where  it  has  been  tiled. 
Then  there  is  the  question  of  the  expansion  joint.  I  do  not  alto- 
gether agree  that  it  is  a  mistake  to  leave  room  for  expansion,  and 
that  the  rails  should  be  laid  butt  up.  At  the  great  speed  at  which 
the  cars  run  there  is  cold  rolling  takii^  place  in  the  rails. 
I  can  show  rails  which  have  been  down  two  or  three  years  where 
you  could  not  insert  the  end  of  the  blade  of  a  penknife,  and  that 
ill  a  case  where  a  joint  had  been  left  open  |  inch.  It  is  not  ex- 
pansion, but  the  rails  have  rolled  &om  the  continual  running  of 
the  cars  in  one  direction.  Going  back  to  the  question  of  the 
joints,  all  of  you  who  have  anything  to  do  with  tramways  must 
be  aozious  to  find  how  to  get  rid  of  the  trouble  with  the  joints. 
I  am  convinced  that  not  only  should  joints  be  anchored,  but  that 
the  rails  should  be  anchored.  If  I  hod  to  lay  another  tram  track, 
I  should  anchor  at  every  6  feet.  I  am  not  in  favour  of  a  60-feet 
rail ;  I  think  45  feet  is  long  enough  to  deal  with.  As  to  the  settii^ 
out  of  the  curves,  the  particulars  will  be  very  useful  to  the  mem- 
bers of  the  Association,  and  it  is  very  good  of  Mr.  Owen  to  give 
us  the  particulars  he  has  worked  out  With  reference  to  the  in- 
stance given  by  Mr.  Owen,  I  can  hardly  understand  that  the  gauge 
should  have  altered  as  much  as  10  inches.  I  have  not  seen 
anything  approaching  that,  and  would  much  have  liked  to  have 
seen  it.  I  do  not  know  whether  Mr.  Owen  is  referring  to  the 
trams  in  Colchester,  and  had  anything  to  do  with  the  laying  of 
them.  I  saw  them  the  other  day,  and  I  must  say  the  work 
looked  very  well  done  indeed. 

Mr,  K  J.  Elfobd  :  I  should  like  to  second  the  vote  of  thanks 
as  one  who  is  interested  in  tramway  construction.  The  only 
pcnnt  I  want  to  refer  to  is  one  Mr.  Greatorez  has  spoken  of — the 
movement  of  rails  resulting  from  variations  of  temperatore.  I 
can  qnite  snpp<n!t  the  statement  of  Mr.  Owen  from  personal  ex- 
perience. On  one  occasion  I  saw  a  length  of  track  move 
laterally  a  distance  of  18  inches  during  twenty-four  hours. 

The  Febsidint  :  There  are  only  one  or  two  things  I  should 
like  to  say.  In  Norwich  the  tramway  is  somewhat  unique — in 
fact,  it  is  unique.  I  believe  it  is  the  li^test  section  of  rail 
allowed  by  the  Board  of  Trade  for  any  electric  tramway  origin- 
ally constructed  as  such.  The  rails  here  are  about  64  lb.  to  the 
yard.  The  rails  have  been  laid  and  some  of  the  tracks  have 
been  working  for  about  five  yeara  and  you  have  the  greatest 
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difficulty  to  find  the  joints.  They  are  all  laid  on  the  cast  weld 
system.  I  don't  know  that  there  is  a  defective  joint  in  the  17 
or  18  miles  of  track.  There  is  not  the  slightest  tronble  from 
these  joints.  I  attribute  the  satisfactory  wearing  of  the  tracks 
to  a  reasonable  amonut  of  anchoring  and  good  jointing.  The 
ndlfl  are  anchored  at  about  every  12  feet.  Of  course,  rails  have 
been  renewed  which  have  in  relaying  been  jointed  with  fish- 
plates or  thermit  joints.  The  reason  for  using  the  thennits 
which  is  a  good  joint,  is  that  you  require  to  have  so  much 
apparatus  for  the  oast  weld  that,  unless  there  are  20  or  30  to 
make,  they  are  not  vortii  doing.  If  I  were  abont  to  lay  a 
system  of  tramways,  I  should  adopt  the  cast  weld  or  the  thermit- 
joint.  I  quite  agree  with  the  Author  ae  to  widening  the  groove 
at  curves.  At  curves  of  less  than  100  feet  we  have  in  Norwich 
a  groove  of  If  inch,  which  enables  the  cars  to  move  around 
the  giooves  very  well.  The  trams  here  were  laid  by  a  company, 
but  I  supervised  their  construction  on  behalf  of  the  Corpon- 
tion. 

Mr.  J.  Owen,  in  reply,  said :  The  first  point  raised  is  the 
concentration  of  the  weight  on  the  two  screws  of  the  joint-plate. 
Naturally,  if  they  were  not  strengthened  in  some  way,  the 
tJiread  would  be  stripped  and  the  rail-support  become  absolutely 
useless.  The  inventor,  however,  had  the  advantage  of  the 
assistance  of  a  gentleman  who  served  on  the  British  Standards 
Committee  for  Threads,  and  in  consequence  has  been  able  to  so 
strengthen  the  supporting  screws  that  there  is  no  danger  of 
stripping.  The  cast-iron  base-plate  is  sulEciently  strong  to 
resist  any  crushing  tendency  due  to  this  concentration  of  wei^t 
and  within  a  very  short  time  of  being  inserted,  will  take  up  a 
firm  bearing  on  the  concrete. 

Mr.  Greatorex  asks,  "Where  has  the  joint-support  been 
tried  under  working  conditions  ? "  As  mentioned  in  the  paper 
several  "  knocking  "  joints  in  the  Manchester  track  have  been 
remedied  and  are  now  in  a  perfect  condition  although  subjected 
to  the  test  of  a  one-minute  service. 

Mr.  Gbbatorbx  :  Is  that  in  Piccadilly  ? 

Mr  Owen  :  Yes.  I  think  there  are  few  places  where  such 
a  severe  teat  could  be  imposed  as  in  the  case  of  Piccadilly, 
Manchester,  where  an  enormous  amount  of  traffic  is  experienced. 

Mr.  Greatorex  says  further  that  he  advocates  an  open  joint 
Personally,  I  think  this  is  a  mistake  to  which  the  corrugation 
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mentioned  might  be  traced,  and  no  doubt  is  largely  IntensififMi 
by  loose  joints.  If  the  joints  are  perfectly  rigid,  there  will,  in 
my  opinion,  be  no  corrugation  encountered.  Moreover,  it 
appears  to  me  an&ecessary  to  anchor  the  rail  at  every  6  feet. 
I  should  think  it  quite  su^cient  to  have  anchor  plates  at  the 
joints,  and  three  intermediates  in  a  60-feet  rail  if  the  rails  are 
laid  after  the  concrete  ;  but  even  these  might  be  dispensed  with, 
if  the  rail  flat^e  is  embedded  in  the  concrete. 

With  regard  to  the  question  of  widenad  groove,  this  is  met 
with  by  the  adoption  of  the  section,  recommended  by  the  British 
Standards  Committee,  for  curves  of  less  than  100  feet  radius, 
which  has  a  groove  of  1}  inch. 

Then  a  point  was  raised  as  to  the  gauge  having  altered  as 
much  as  10  inches.  The  track  was  laid  during  a  hot  day  and 
in  the  early  part  of  the  evening  I  passed  it  ready  for  concreting. 
Next  morning,  however,  I  thought  a  traction-engine  had  been 
over  the  track,  as  every  tie-bar  had  buckled,  and  the  rails  were 
off  the  packings.  This  I  put  down  to  the  fact  that  the  pulling 
effect  due  to  contraction  on  the  straight  does  not  move  the 
track  out  of  line  to  any  appreciable  extent,  but  on  the  curve  any 
shortenii^  is  very  apparent. 

I  mnst  thank  Mr.  Qreatorex  for  his  kind  reference  to  the 
Colchester  Tramways,  of  which,  I  may  say,  I  had  entire  super- 
vision under  Mr.  (Joodyear,  the  borough  engineer.  I  also  thank 
you,  Mr.  President,  and  gentlemen,  for  the  kind  attention  you 
have  shown  to  a  young  member  who  has  had  the  presumption  to 
read  a  paper  before  you  ;  but  your  sympathy  will  help  and  spur 
me  on  to  farther  eSbrts  in  the  near  future. 
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THE  WATER  SUPPLY  OF  CROMER. 

By  THOS.  PRITCHAED,  M.  Inst.  C.E. 

The  pablic  supply  of  water  to  Cromer  was  origiiially  deigned 
and  carried  out  in  the  year  1877,  and  intended  to  meet  the  then 
present  requirements  of  Cromer — at  that  time  only  a  small  aea^ 
side  village,  ten  mUes  from  a  railway  station,  with  but  few 
summer  viaitora. 

With  the  advent  of  firat  the  Great  Eaatem  and  afterwards 
the  Great  Northern  and  Midland  Railways,  the  village  grew 
into  a  conaiderable  sea-side  resort,  and  the  waterworks  have 
from  Ume  to  time  been  enlarged  to  meet  the  growing  reqoire- 
mentB  of  the  district. 

The  works  were  originally  carried  out  by  a  water  company, 
which,  with  varying  fortunes,  conducted  the  business  until  the 
year  1902,  when  it  was  acquired  by  the  urban  district  conncil. 

The  original  works  carried  out  by  the  company,  of  which 
Mr.  Hodgson  Jones,  M.  Inst.  C.E.,  was  the  engineer,  compriaed 
a  pumping  station,  situate  on  the  west  side  of  the  Ron^ton 
Koad,  having  a  well  (No.  1)  6  feet  in  diameter,  sunk  83  feet, 
with  a  borehole  varying  &om  12  inches  to  9  inches  in  diameter, 
sunk  to  a  depth  of  400  feet  into  the  chalk. 

This  shaft  was  originally  intended  to  have  been  taken  to  a 
depth  of  150  feet,  and  to  be  lined  with  9-inch  brickwork,  but 
in  the  total  absence  of  any  information  as  to  the  nature  of  the 
strata  beyond  the  depth  to  the  blue  clay,  it  was  uncectain 
whether  the  means  available  would  be  sufficient  to  do  so.  It 
was  assumed  that  the  clay  would  lead  into  the  chalk,  and  no 
sand  would  be  met  with. 

Water  being  met  with  in  the  sinking  in  such  laige  quaoti- 
ties  that  cast-iron  cylinders  had  to  be  inserted,  and  the  ooot 
entailed  thereby,  and  the  pumping  caused  the  shaft  idea  to  be 
abandoned,  and  boring  was  resorted  to. 
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The  stzata  passed  through  in  siokiiig  this  well  and  borehole 


Oontortod 
drift.  Ill)  feat. 


Bride  euth       ..     .. 

LoMUJMDd 

Bnwn  ol«T  Htd  chalk 


Blue  kkin;  eUy  ..  .. 
Brawn  Htnd  utd  pabblw 
Banning  aand,  witb  mter 
Bilt 


6    0       2S    0 
2    6        27    6 


19    0        79    0 
16        88    6 


Light  tBown  oUy     0  0 

Dwk  brown  ola;      6  0  U9  H 

Light  iMunr  el»7     5  0  100  6 

Hanldsrkn&d        10  101  6 

Duk  mnning  Mud 1  6  103  0 

RftrddvkMEtd        6  6  109  6 

Bnnnlng  niid '  4  0  118  6 

HardblnaoU; 7  D  120  6 

Hard  flint;  oonglomenito       ..     ..  16  0  1S8  6 

9Hf«L     ^    BUckttint         -  6  130  0 

"■              1   GbKlk  and  silt S  0  142  0 

BlMkfllDt         -  9  142  9 

^  Blue  atlt.  with  little  ohalk     ....  26  0  168  9 

Intoohalk 281  8  400  0 

The  chalk  was  solid,  vith  an  average  of  bads  of  flints  3  feet 
to  every  10  feet  of  cliallc. 

The  bore-pipe  was  taken  10  feet  into  the  chalk,  but  after 
the  pumps  were  fixed  this  was  found  to  be  insufficieut  to  keep 
out  the  saud.  This  pipe  was  pressed  a  farther  20  feet  into  the 
chalk,  but  as  sand  was  found  to  be  in  the  water  at  timeR,  other 
means  had  to  be  found  tx>  exclude  the  sand.  A  clay  and  cement 
joint  was  put  lower  into  the  chalk,  and  a  guide  pipe  pressed  into 
same  and  brought  up  in  the  bore-pipe  with  the  space  filled  with 
cement.  This  had  the  desired  effect,  and  sand  was  permanently 
stopped  out. 

The  pumping  plant  consisted  of  a  10  horse-power  horizontal 
engine  by  Hanoa  Donald  Wilson,  driving  a  bore-hole  pump. 
Steam  was  supplied  from  an  oval  boiler,  4  feet  by  4  feet  6  inches 
by  18  feet  6  inches  long. 

A  covered  service  reservoir  holding  120,000  gallons  was  con- 
structed on  the  high  land  above  the  town,  and  a  house  for  the 
manager  was  built  at  Uie  pumping  station. 

In  1687,  it  was  necessary  to  obtain  an  addilional  supply 
when  a  second  well  and  bore-hole  were  sunk  30  feet  to  the  ucarth- 
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ward  of  No.  1  well,  the  well  being  brick-lined  for  a  depth  of 
12  feet  and  a  12-mch  boriog  carried  down  242  feet  into  the 
dialk,  being  lined  with  steel  bore-hole  pipes  for  a  depth  of  172 
feet  9  inches ;  the  remainder  being  in  the  chalk  was  nnlined.  A 
9-infch  bore-hole  pump  capable  of  lifting  6000  to  7000  gallona  per 
hour  was  fixed  in  this  well,  driven  by  the  before-mentioned  engine. 

The  engine  and  boiler  erected  in  1877  are  BtiU  being  uaed, 
and  with  this  pump  form,  a  duplicate  plant  at  the  old  station. 
Ad  additional  boiler,  5  feet  6  inches  diameter  by  9  feet  6  inchra 
long  was  erected  in  1887. 

The  whole  of  the  machinery.is  overhauled  annually  in  the 
spring  before  the  Cromer  season  commences. 

In  the  year  188U,  Mr.  J.  C.  Melliss,  M.  Inst.  C.E.,  was  con- 
sulted on  the  qneetion,  and  since  that  time  has  acted  as  engineer 
for  the  company  and  the  council  since  the  transfer  of  the 
works,  the  Author  having  been  associated  with  him  since  1891. 

Owing  to  the  increased  demand  for  water,  a  contract  was 
entered  into  at  the  commencement  of  1889  to  deepen  well  No.  1 
to  a  depth  of  136  feet,  which  would  have  allowed  of  adits  being 
driven  in  the  chalk. 

It  was  proposed  to  carry  out  this  work  in  the  following 
manner :  The  existing  cylinders  were  to  be  made  secure  from 
travelling,  the  concrete  bottom  cut  out  and  the  guide  pipes  re- 
moved, the  excavation  taken  down  to  about  118  feet  and  lined 
with  brickwork,  there  would  have  been  no  water  to  contend  with 
until  a  depth  of  about  110  feet  was  reached  ;  cast-iron  cylinder* 
were  then  to  be  inserted  and  carried  down  to  the  chalk  with 
perforations  to  take  the  water  in  conglomerate  bed. 

On  account  of  the  old  part  of  the  well  collapsing  during  the 
further  sinking,  the  work  had  to  be  abandoned,  and  it  was 
decided  to  start  a  new  well  referred  to  as  No.  3  about  15  feet  to 
the  south  of  No.  1,  the  reason  of  sinking  so  close  being  that  the 
company  had  to  keep  the  works  within  their  original  area  which 
tiiey  were  unable  to  extend. 

Well  No.  3  was  sunk  to  a  depth  of  183  feet,  lined  with 
brickwork  to  a  depth  of  50  feet,  continued  witii  cast-iron 
cylinders  varying  from  8  feet  to  5  feet  in  diameter  into  the  dialk  ; 
a  12-inch  bore-hole  was  carried  40  teet  down  from  the  bottom  of 
this  well.  The  contract  time  for  completing  this  work  was 
seven  months,  but  on  account  of  the  difficulties  met  with  it  was 
upwards  of  two  years  in  construction. 
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The  strata  passed  through  were  as  follows,  the  surface  level 
being  132  feet  above  Ordnance  Datum : — 


R.  bL  ft.  In. 

Soil         2  0  2  0 

Briokearth 8  0  10  0 

Lounynod 9  0  19  0 

Brown  ol*r 6  0  2fi  0 

Sand       2  6  27  « 

Blue  loamy  olsy 14  6  42  0 

Brown  nnd  and  pebbles 18  0  60  0 

BunningiaDd       19  0  79  0 

Silt 4  6  S3  6 

LightbrownaUy «  0  SB  6 

Daik  brown  clay 6  0  95  6 

Light  loMoy  clay 3  0  100  6 

Hard  dark  iukd 10  101  6 

Dark  numing  aaiid      16  108  0 

Hard  dark  aand 6  6  109  6 

Bnuningnad      4  0  118  6 

UsTdblueolay 7  0  ISO  6 

Flinty  ecmglomente 18  0  138  6 

Into  chalk      84  6  3W  0 

This  well  was  connected  with  Ko.  2  well  by  an  adit  curved 
round  so  as  to  miss  No  1  well  (whidi  was  tilled  in  with  spoil 
from  No,  3  well),  so  that  the  water  obtained  in  both  No.  2  and 
No.  3  would  be  available  at  either  weU.  As  a  fissure  was  visible 
on  the  north  face  of  the  well,  an  adit  was  out  to  follow  it  for  a 
distance  of  about  50  feet 

The  rest  water  line  was  111  feet  below  the  surface  and  the 
yield  bom  the  wells  and  adits  at  this  time  amounted  to  200,000 
gallons  per  day. 

This  water  was  analysed  by  Professor  Frankland  with  the 
following  results : — 

Puup«rlH,«M. 
Total  Mlid  natten      


NitrDg«n  at  nitratM  or  nitiite* 

Total  tMunblned  nitrogen 

PMTlaiu  aaiuMl  oi  tewage  oontaminatuma 
Chlorino        


teniponuy      ..            ..       12-7° 
permaneiit     4-4' 

ToUl ITI° 
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Professor  Frankland  stated  in  his  report :  "  The  water  is  of 
most  excelleut  quality  for  dietetic  purposes,  absolutely  &ee  &om 
all  evidence  of  previous  sewE^  or  animal  contaminations,  and 
of  very  moderate  hardness  for  chalk  water,  and  Cromer  may  be 
congratulated  on  beii^  supplied  with  one  of  the  best  waters  in 
Great  Britain." 

A  16  horse-power  horizontal  steam  ei^ine,  having  13-inch 
diameter  cylinder  with  24-inch  stroke  (with  surface  condenaerX 
driving  a  set  of  7^  inch  by  21  inch  stroke  treble  pumps  capable 
of  raising  200  gallons  of  water  per  minute  300  feet  high,  was 
installed  by  Messrs.  J.  Warner  and  Co.,  of  Walton-on-the-Naze, 
in  1892. 

TowEuxls  the  end  of  1895,  owing  apparently  to  dry  seasons, 
the  yield  of  the  wells  had  fallen  to  63,000  gallons  per  day  with 
a  water  level  about  50  feet  below  sea  leveL  It  became  necessary 
to  obtain  an  additional  supply ;  rights  were  obtained  firom  the 
owner  to  drive  adits  in  the  chalk  under  13  acres  of  land  to 
the  south  of  the  pumping  station,  and  by  May  1896, 400  feet  of 
adits,  4  feet  6  inches  wide  and  6  feet  high,  were  driven  east  and 
west  of  original  heading  which,  after  continuous  pumping  during 
their  construction,  brought  up  the  yield  to  190,000  gallons  per 
day.  This  was  sufficient  to  last  for  another  two  years  when  it 
was  decided  to  further  increase  the  length  of  adits  by  300  feet 
which  brought  the  yield  up  to  254,640  gallons  per  day. 

At  this  time,  the  water  was  being  obtained  as  follows : — 

Fichu  welk  N<M.  2  and  8,  and  oonneotiiig  adit 35,IKM 

From  the  eastern  lie«diiiK 60,111 

From  the  weetem  heeding 190,926 

thus  showing  that  the  bulk  of  the  supply  came  from  the  south 
of  the  works,  ie.  inland  and  not  &om  seawards. 

The  rest  water  level  in  well  in  1900  was  100  feet  below 
surface,  showing  that  the  water  in  the  ground  had  been  per- 
manently lowered  about  11  feet  in  twenty-three  years. 

By  September  1902,  when  the  test  pumping  for  arbibauon 
purposes  was  made,  it  was  found  that  the  yield  from  the  works 
had  again  fallen  to  160,000  gallons  per  day,  and  as  it  would  be 
some  time  before  the  auxiliary  works,  hereafter  described,  would 
be  available,  it  was  decided  to  further  extend  the  adits,  whea,  by 
driving  a  further  length  of  265  feet,  the  avwa^  quantity  shown 
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by  a  five  days'  test  amounted  to  296,000  gallons  per  day.  Since 
this  time  there  has  been  do  test  of  the  quanti^  available,  so  one 
cannot  say  what  it  is ; '  but  during  last  summer  the  yield  did  not 
appear  to  have  seriously  fallen  off. 

In  1895  it  was  considered  that  the  original  service  reservoir 
was  inadequate  for  the  needs  of  the  district,  and  an  additional 
covered  reservoir,  holding  605,000  gfdlons,  was  constructed  in 
concrete  lined  with  blue  brickwork.  The  depth  of  water  in  this 
reservoir  is  17  feet,  and  when  filled  for  testing  purposes  was 
found  to  leak  at  the  rate  of  about  3}  inches  per  day,  it  was 
emptied  and  examined  by  the  clerk  of  works  and  supposed  to 
have  been  made  good,  but  it  turned  out  to  be  as  bad  as  ever,  so 
the  Author  went  down  and  examined  practically  every  joint  in 
the  brickwork,  when  he  found  that,  on  account  of  the  thinness' 
of  the  joints,  the  sand,  which  had  not  been  properly  cleaned  off 
the  bricks,  had  prevented  the  cement  making  a  sound  joint. 
All  visible  faulty  joints  were  cut  oat,  caulked  witii  oakum,  and 
repointed,  with  the  result  that  this  raservoir  is  now  perfectly 
watertight.  A  Jennings'  electric  indicating  and  recording  appa- 
ratus is  fitted  in  this  reservoir  with  indicator  fixed  in  the  engine 
house,  so  the  height  of  water  in  the  reservoir  can  be  seen  at  a 
glance  at  any  time. 

In  1896  the  boundaries  of  Cromer  were  extended  so  us  to 
include  Suffield  Park,  and  it  was  decided  to  supply  that 
district,  but  as  it  lay  higher  than  the  reservoirs,  and  as  there 
was  no  available  land  high  enough  to  command  the  added 
district,  it  became  necessary  to  construct  a  brick  water-tower, 
carrying  a  cast-iron  water-tank  holding  50,000  gallons,  near  the 
Great  Eastern  Eailwa/  station.  The  top  watei^level  is  45  feet 
above  the  roadway  and  about  90  feet  above  the  reservoirs.  'ITie 
tower  is  supplied  by  a  by-pass  on  the  rising  main  to  reservoirs. 
An  electrical  signalling  apparatus  was  installed  in  this  tank  by 
tfa  1  Post  Office  authorities,  ringing  separate  bells  in  the  engine 
he  use  when  the  water  level  is  within  a  foot  either  of  the  top  or 
bottom ;  this  apparatus  appears  to  be  very  successful,  as  when- 
ever the  Author  has  been  in  the  engine  house  since  he  has 
always  found  both  bells  plugged  witli  waste. 

All  the  before-mentioned  works  have  been  carried  out  under 
the  original  provisional  order  and  water  bill,  which  gave  the 
company  powers  to  supply  the  parishes  of  Cromer,  Overstrimd, 
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NoTthrepps  and  Runton,  bnt  limited  their  liability  to  that  part 
of  the  district  which  could  be  commanded  by  the  level  of  the 
then  proposed  reservoir,  this  being  only  150  feet  above  Ord- 
nance Datum  and  as  parts  of  Uie  district  rise  to  over  200  feet, 
these  parts  could  get  no  supply  had  they  wanted  it,  , 

In  the  year  1900  it  was  considered  eidvisable,  not  on  account 
of  any  failure  in  the  existing  works,  but  in  consequence  of  the 
growth  of  population  in  many  of  the  surrounding  places,  for  the 
company  to  go  further  afield  to  secure  a  larger  supply  of  water. 
For  this  purpose  it  waa  decided  that  auxiliary  works  would  be 
advantageous  on  account  of  the  increased  quantity  of  water  that 
would  he  available,  as  well  as  on  account  of  the  benefit  that  would 
arise  by  having  a  service  reservoir  placed  on  the  highest  ground 
in  the  neighbourhood,  which  would  give  sufficient  preesuie  to 
supply  the  whole  of  the  company's  district,  and  allow  that 
district  to  be  considerably  extended. 

Before  deciding  upon  the  site  for  such  auxiliary  works 
Mr.  Clement  Eeid  and  Mr.  William  Whitaker  were  consulted 
on  the  geological  aspect  of  the  question. 

There  appeared  to  be  but  two  possible  sources  of  supply, 
firstly,  from  the  sands  and  gravels  lying  above  the  chalk,  and 
secondly,  from  the  chalk  itself,  which  in  this  district  is  estimated 
to  be  about  1000  feet  thick. 

There  is  no  spring  or  set  of  springs  in  the  neighbourhood 
likely  to  yield  a  sufficient  supply.  Doubtless  much  water 
mi^t  have  been  obtained,  at  little  expense,  by  careful  trenchiug ; 
but  it  waa  feared  that  the  Local  Government  Board  would  have 
object«d  to  this  source  of  supply  on  account  of  the  risk  of  con- 
tamination from  the  extension  of  building  on  the  hills  around 
Cromer,  where  the  gravel  is  bare  and  very  porous. 

The  sands  and  gravels  lying  at  a  greater  depth  were  not  con- 
sidered likely  to  yield  sufficient  water,  and  that  probably  harder 
and  not  so  suitable  as  that  from  the  chalk  ;  therefore  the  idea 
of  getting  water  from  the  upper  strata  was  abandoned,  and  it 
was  considered  that  the  only  satisfactory  means  of  supply,  was 
by  sinking  into  the  chalk  at  such  a  distance  &om  the  sea  aa 
would  allow  of  pumping  without  fear  of  the  influx  of  salt 
water,  and  sufficiently  near  the  gathering  ground  as  to  allow  the 
water  passii^  more  readily  than  it  can  into  the  existing  wells 
and  adits. 
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A  site  was  decided  npou  in  the  valley  at  Metton  about  four 
miles  to  the  south  of  Cromer,  and  the  SKme  distance  &om  the  sea, 
where  it  was  considered  the  chalk  would  be  met  with  about  10 
feet  above  Ordnance  Datum  (as  a  matter  of  fact,  the  chalk  was 
touched  at  12  feet  above  Ordnance  Datum).  A.  site  having  an 
area  of  one  aore  was  acquired  for  the  well  and  pumping  station, 
together  with  the  right  of  driving  adits  in  the  chalk  under  the' 
surrounding  lands. 

The  Cromer  Water  Act,  1901,  waa  obtained,  giving  the 
company  powers  to  carry  out  the  proposed  works  (which  lay 
entirely  without  their  original  area),  and  extended  their  operations- 
to  a  radius  of  five  miles  round  Cromer.  After  the  company's 
Bill  was  deposited,  they  were  approached  by  the  urban  district 
council,  and  it  was  agreed  to  insert  a  clause  giving  the  council 
power  to  acquire  the  undertaking  of  the  company  by  arbitration, 
this  power  was  exercised  in  1902,  since  which  time  the  works 
have  been  the  property  of,  and  managed  by,  the  council. 

A  test  borehole  was  sunk  on  the  site  at  Metton  in  1901, 
8  inches  in  diameter  and  203  feet  deep,  lined  so  as  to  exclude 
all  water  lying  above  the  chalk,  when  the  water  flowed  over 
the  sur&ce,  and  has  been  overflowing  ev^  since. 

The  geological  formation  passed  Uiiough  waa  as  follows,  the- 
eurface  level  being  118  feet  above  O.D.  : — 


fGnret     ..     . 
Gkobl       I  Bonldar  day  . 


i  Ooone-gniiiied  blowing-  Mud,  peb- . 
itbcd     }      bles.  green  Ainu  BDd  sheila  (dor- I     11    0  61     0 

\     dfina  »iuU,  TtUiiux  baiihiea)    . .  j 

■  Fine   ruanin^   land    aod   itonea  y 

(JAUonwt,  Cbrd^Hn  tdntU,  Cor- 1      ,.    _  -n     a 

bull.,  Hjrfdiu,  ?/MoIa  CWftoUijB,  i     ">    °  T*     <* 

Fhoiot,  TeUina  baiiXioa     ..      ..) 

fu^  oeODB  cIb;  »ad  pebbles      ..      ..  ) 

CbillMfbfd  ahj    Bbelli  and  green  oaited  flinia  (Oar-  "i 
diwm  eduU,  Otprina   Ulandiea, 
Leda,  Mga,   Xwmla   QMoldim,  )       10        106    0 
TeUina     baUlOoa,     T.    Miqaa,  | 

LOIoHita  LtUorta) J 

^ChBlk,  toMidbejond ..  SOS    0 

A  amall  Worthington  pump  and  semi-portable  boiler  was- 
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put  down  at  this  borehole,  capable  of  lifting  6000  gallons  per 
hour,  and  baa  been  used  during  the  summer  season  to  angmmt 
the  supply. 

The  permanent  well  has  recently  been  completed ;  it  is 
160  feet  deep,  lined  firom  the  surface  to  125  feet  with  cast-iroo 
cylinders  l|-inch  thick,  built  up  in  seven  s^ments  to  each  ling. 
From  the  bottom  of  this  well  a  12-inch  diameter  borehole  has 
been  sunk  100  feet.  This  well  had  to  be  10  feet  in  diameter 
tliroughout  to  allow  of  the  pumps  being  fixed,  and  on  accoimt  of 
Uie  slippery  nature  of  the  ground,  the  contractors  fixed  an  outer 
column  of  cylinders  12  feet  in  diameter  down  for  50  feet,  and 
sunk  the  permanent  cylinders  inside  them.  This  proved  a  vei; 
efficient  way  of  overcoming  any  difficulty  from  the  permanent 
(flinders  becoming  stuck  or  out  of  plumb.  It  bad  been  in- 
tended to  remove  the  outer  cylinders  on  completion  of  the  woii, 
but  this  was  not  allowed  in  order  to  avoid  any  possible  damage 
that  m^t  have  occurred  to  the  permanent  work,  and  to  save  tmj 
further  subsidence  which  might  affect  the  foundations  for  the 
machinery  and  buildings,  as  during  the  pumping  the  ^Tound 
had  considerably  subsided  over  an  area  of  about  thirty  feet  in 
diameter.  These  two  columns  of  cylinders  are  now  bracketed 
together,  and  the  space  filled  in  witli  sand. 

Adits  have  been  driven  from  this  well  to  connect  with  the 
test  borehole,  and  in  following  fissures  which  appeared,  the 
total  distance  driven  being  417  feet. 

It  had  been  hoped  to  have  obtained  a  supply  of  1,000,000 
gallons  a  day  at  the  new  works,  so  as  to  insure  an  abundant 
supply  for  many  years  to  come ;  but  this  quantity  was  not  reached 
l^although  there  is  no  doubt  that  by  extending  the  adits  it  wonM 
have  been),  and  as  the  Council  considered  they  had  expended  b« 
much  as  they  were  justified  in  doing,  the  work  was  stopped  and 
the  yield  was  proved  on  testing  to  amount  to  730,000  galloDS 
per  day  obtained  in  the  following  proportiona : — 

QalloM. 

From  the  weU      284,100 

bore-bole 128,100 

„         teat  bore>bo1e M.ODO 

adits 232,900 

Total     730,000 

This  amount  equals  about  2^  times  the  maximum  day's 
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demand,  which  at  the  height  of  the  last  seasoD,  amounted  to 
JQSt  over  300,000  gallone. 

The  whole  of  the  well  sinking,  boring  and  adits  described 
herein  has  been  carried  out  by  Messrs,  T,  Tilley  and  Sons, 

The  pumping  station  when  completed  will  comprise  the 
following : — boiler  house  with  two  GtaUoway  type  boilera,  engine 
house  with  pumping  engines  in  duplicate,  coal  store,  workshop, 
office,  meas-room,  etc,  together  with  engineer's  house. 

The  Council,  considering  the  comparatively  great  expenditure 
on  the  undertaking  and  that  they  had  the  old  works  to  depend 
upon  for  that  part  of  the  district  requiring  the  greater  supply, 
and  with  the  small  pump  in  test  borehole  at  Metton  for  the 
higher  portion,  which  together  make  practically  a  duplicate 
plant,  decided  to  carry  out  only  so  much  of  the  new  pumping 
station  as  was  absolutely  necessary,  and  this  work  which  is  at 
present  being  carried  out  comprises  the  permanent  boiler  house 
with  one  boiler  and  a  space  for  a  second,  chimney  shaft,  tem- 
porary engine  bouse,  with  one  set  of  pumping  plant,  temporary 
coal  store  and  the  engineer's  house. 

The  boiler  which  is  being  manufactured  by  Messrs.  Kuston, 
Proctor  and  Co.,  is  a  "  Galloway  "  tyi>6  boiler,  constructed  for 
100  lb.  pressure,  6  feet  in  diameter  and  18  feet  long,  and 
guaranteed  to  evaporate  3000  lb.  of  water  per  hour. 

The  pumping  plant  is  being  manufactured  by  Messrs.  J. 
Simpson  and  Co.,  and  is  at  present  ready  for  erection ;  it  is  to  be 
capable  of  raising  one  million  gallons  in  twenty-four  hours  from 
the  bottom  of  the  well,  and  forcing  it  through  13,000  feet  of 
12'inch  rising  main  into  reservoir,  the  vertical  lift  &om  bottom 
of  well  to  engine-house  floor  is  160  feet  and  from  engine-house 
floor  to  reservoir  inlet  190  feet  exclusive  of  Motion. 

The  pumpa  are  arranged  to  do  the  work  in  two  lifts,  i.a : — 
(a)  Well  lift,  which  raises  the  water  to  a  pumping  samph 

under  engine-house  floor,  and 
(&)  Surface  MR,  which  forces  the  water  through  the  main 
into  reservoir. 

This  arrangement  was  adopted  in  case  it  should  become  at 
any  time  necessary  to  soften  or  otherwise  treat  the  water  before 
use. 

The  engroe  is  a  cross-compound  rotative  surface-condensing 
engine,  havii^;  14-inch  high^preasure  and  25-inch  low-pressure 
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cylinders  with  24-inch  stroke  running  at  60  revolutiona  per 
minute,  developing  at  90  lb.  steam  ptdSBnre  at  the  yalves 
81  pump  horee-power  on  a  guaranteed  consumption  of  not  more 
than, 22 '9  lb.  of  feed-water  per  pump  horse-power  hour  ander 
a  forfeit  of  600^  per  excess  lb.  of  feed-water  as  tested  by  a  twelve 
bonra'  ran. 

The  well-pnmps  are  hang  from  the  well-head  and  are  doable- 
acting,  haviog  two  barrels  in  the  same  column  (concertina 
arraignment) ;  the  pump  barrels  are  15  inches  in  diameter  wiUi 
26-incb  stroke,  making  23^  strokes  per  minute,  driven  by 
gearing  and  crank  shaft. 

The  snrface-pumps  are  two  doable-acting  plunger  pumpa, 
7  inches  diameter  by  24-iacb  stroke,  making  60  strokes  per 
minute,  driven  direct  firom  the  engine  by  prolongation  of  piston 
rods. 

The  Burface-pumps  are  designed  with  a  margin  of  3  per  cent, 
greater  than  the  actual  work  required  and  the  well-pumpa  are 
10  per  cent,  lai^r  than  the  suriace-pumps  to  provide  for  slip, 
evaporation,  etc,  and  to  maintain  a  balance  in  excess  of  the 
surface-pomp  capacity. 

The  whole  of  the  steam-pipe  work,  feed-pumps,  air-pnmps. 
gauges,  together  with  oil-extractor,  feed-wat«r  purifier  and 
softener,  etc.,  are  included  in  Measrs.  Simpson's  contract. 

The  high  level  reservoir  has  been  constructed  on  the  high 
land  near  the  Beacon  and  just  above  the  lion's  Mouth  aboat 
3|  miles  from  Cromer,  and  the  floor  level  is  301 '5  feet  above 
O.D.  and  is  at  a  sufBcient  elevation  to  supply  the  whole  area. 
It  IB  constructed  of  concrete  lined  with  blue  bridiwork,  and 
has  a  capacity  of  one  million  gallons  with  division  wall 
to  allow  of  cleansing  half  at  a  time.  A  Glenfield  electrical 
indicating  and  recording  apparatus  is  installed  at  this  reservoir, 
with  recorder  at  pumping  station,  and  each  station  is  connected 
with  the  waterworks  manager's  ofBce  in  Cromer. 

A  service  main  of  15, 12,  9  and  6-inch  pipes  is  laid  &om  this 
reservoir  to  Cromer  and  connected  with  the  old  reservoirs,  water 
tower  and  the  mains  to  the  higher  portions  of  the  area  now 
supplied,  and  arrangemente  have  been  provided  for  putting  the 
fnIl-pi«B3ure  on  to  the  mains  in  the  town  in  case  of  fire. 

Thexe  are  about  17  miles  of  cast-iron  service  and  pumping- 
mains  varying  in  size  from  3  inches  to  15  inches,  extending  from 
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Metton  on  the  south  to  Bunton  on  the  west  and  Sldeetrand  on 
the  east,  and  arrangemWLtB  have  already  been  nuide  for  ex- 
tending the  area  anppUed,  and  donbtleas  as  soon  as  the  new  works 
are  in  wotMng  order  they  will  be  greatly  extended. 

Since  the  public  Bnpply  of  water  was  established,  there  has 
never  been  a  shortage  in  the  supply,  as  the  authorities  always 
used  the  foresight  pecesaary  to  maintain  the  works  at  the  neces- 
sary standard.  The  water  has  been  uniformly  good,  and  only  on 
one  occasioii  has  any  doubt  been  thrown  on  tiie  chemical  or 
bacteriological  quality  of  the  water,  and  that  was  when  traces 
of  unwelcome  bacteria  were  found  in  certain  of  the  mains  (sam- 
ples taken  from  the  reserroiis  and  other  mains  at  the  same  time 
were  favourably  reported  upon),  these  were  run  to  earth  in 
certain  dead  ends  where  there  were  no  connections.  These 
ends  have  been  connected  up  or  otherwise  dealt  with,  since 
which  time  there  has  been  no  cause  for  criticisms. 

The  various  works  carried  out  for  obtaining  water  at  Cromer 
point  out  the  advantage  of  wells  over  boring  to  the  chalk,  as  it 
is  necessary  to  get  at  the  fissures  which  by  a  bore-hole  might  be 
missed  by  a  few  feet,  whereas,  with  a  well  they  can  generally 
be  found  by  adit  driving. 

The  company  at  the  time  of  the  transfer  to  the  Council  had 
a  capital  of  20,000;.,  half  in  10  per  cent.  "  A  "  shares,  and  the 
remainder  in  7  per  cent.  "  B  "  shares,  together  with  a  debenture 
debt  of  5000^.,  beariug  interest  at  4^  per  cent  The  "  B  "  capital 
had  received  their  full  dividends,  but  tJie  "  A  "  stock,  since  1883, 
had  received  no  dividend  in  eight  years,  2^^  to  5  per  cent,  in  five 
years,  and  for  the  last  seven  years  the  dividend  had  been  7  pear 
cent,  per  annum.  There  was,  therefore,  an  amount  equal  to 
about  117}  per  cent,  of  the  "A"  capital  due  on  them  for  arrears 
in  dividends. 

The  amount  awarded  the  company  for  their  undertaking 
was  59,302/.,  the  Council  to  take  over  the  debenture  debt  of 
the  company,  which  has  since  been  redeemed,  the  Council  also 
to  pay  the  costs  of  obtaining  the  1901  Act  and  the  winding-up 
of  the  company,  together  with  any  expenditure  by  the  company 
on  works  carried  ont  under  the  1901  Act, 

The  capital  return  to  the  shareholders  was  19/.  1I«.  &d. 
together  with  arrears  of  dividends  per  51.  "  A "  share,  and 
11/.  4*.  Id.  per  5/.  "  B"  share. 

The  total  expenditures  on  the  undertaking  by  the  council  is 
now  approaching  100,00(M.  2  X 


.V  Google 


THB  WATBB  SUFFL7   07  CBOMXR. 


The  authorised  rates  for  domestic  supply,  as  fixed  by  the 
original  Act,  and  coofirmed  hj  the  IdOl  Act,  are  as  follows : — 


Wbrae  tbe  niMbIa  valne  of  the  'pteiniww  doea  not 

exceed  £9  perKuum        ,     ..    ' 

Ditto,  exoeeds  £9  bnt  doe*  not  exoeed  £10       „     .. 


90 


11)0 


«    0    » 


„         100  dx  per  oeot,  per  ummn 

For  ereiT  va  bejrond  tha  flnt 0  10    0 

»       UthofSOgallooa       0  12    6 

„  »    of  nioia  than  50  galbiu,  m  Um  Otnn* 

paaj  tblak  fit. 

Water  fi>r  stieet  wateriDg,  sewer  finshing,  etc.,  was  sa|^lied 
to  the  council,  by  agreement,  at  Ig.  6d.  per  thousand  gfillons, 
plus  a  lental  of  14^.  per  annum  for  rent  of  hydrants. 

The  quantity  of  water  pumped  during  each  of  the  last  five 
years  of  the  company  were  : — 

1898  38,672.000 

1899  88,000,000 

1900  40,000,000 

1901  43.000J»0 

1902  47,317^)00 

The  income,  expenditure,  and  profit  per  thonaand  gallons 
pumped,  were  i- — 


189B     .. 

.     1616     .. 

..     5'06     .. 

..     11-41 

1890   ;.- 

.     17-84     .. 

..     7-69     .. 

..     10-15 

1900     .. 

.     18-28     .. 

..     6-61     .. 

..   n-er 

1901     .. 

.     1901     .. 

..     S'42     .. 

..     18- w 

1902     .. 

.     18-8fi     .. 

..     6-88     „ 

..     18-49> 
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.  .rhe  cost  of  TorionB  portionB  of  tha  work  have  been : — 

<  <.  d. 

-"    WeU  utd  boring  No.  2     770  0  0 

Woll  Mid  boring  No.  8,  indndlng  tuUti  97  ft,  tong  267S  0  0 
FnrtlMT  kditi  horn  well  No.  3  (eonpanj  dirin^ 

m       pumplBg  and  pRnidlng  (team)  „     8  8  SptrTud. 

BngiM  and  pompt  to  Nix  8  well    „      1808  0  0 

ti    BaaarrdreontalDiiiB  605,000  g»Uoni     8809  0  0 

„               „       1,000,000      „          9744  0  0 

;    Teat  bwing  at  Hrtton      260    0  0 

;    Wall  at  MsttMi,  sxalnitTa  of  bom-litda  (inalnding 

Udaji'taatpmnping) 9896  0  0 

,    IS-bi.  boring  (noUiwd)  bom  bottom  of  wall,  iDohid- 

ing pumping I  10  6parfeat 

.    Adlti  4  ft.  6  in.  1^  6  ft.,  inalnding  pomping  op  to 

7M.000galloMpwda;       7  10  OpwTud. 

:   Naw  pumping  ■tatim,  ocoitnwt  nun      XI46  0  0 

.    6  ft.  by  IS  ft.  OaUowar  ^pe  boiler,  dalireiad  on 

dta 280  0  0 

■    Now  pomping  idant S464  0  0 


-?he  jnioes  paid  for  oaat-iron  mains,  laid  complete,  have 


IS  in.  diameter 113   parjaid. 

'    IS  in.        „        19    et 

^^    8  In.        „        \%    t         „ 

■^      6  in.         „         6    2i        „ 

•*            4  in.         4    IJ        „ 

*.^,     8 in.         „         S    4J        „ 


^'-'  DISCUSSION. 

^^^lie  President:  There  are  one  or  two  qoestions  I  should 

,        to  ask  Mr.  Fritchard.    What  total  length  of  headings 

^  thc7  at  the  present  time  at  Cromer  waterworks  ?    What 

h  th^  are  below  mean  sea  level?     Is  the  water  level 

lowered  below  mean  sea  level,  and  if  so  are  there  any  signs 

ijiltration  of  sea  water  f    I  have  bad  the  same  trouble  in  a 

~  .  '  -  '    of  keepii^  ont  sand  from  the  water,  and  excluded  it  in  the 

'  j^  *^   manner.    Instead  of  naing  day,  I  iiyected  cement    I 

-••^        d  also  like  Uie  coat  of  pumping  per  thousand  gallons,  and 

^       .  otal  head  of  pumping. 

.  *  tr.  A.  D.  Gbutobbx  :  I  have  great  pleasure  in  proposing 
I    '  'irt?  vote  of  thanks  to  Mr.  Fiitchard  for  the  interestiiig 


1 1»  Google 


420  THB  VAJES   SUPPLY   OF  CSOUEB. 

description  he  has  given  us  of  the  watervorks  at  Cromer.  It 
is  gratiiying  to  hnow  that  Cromer  has  a  good  supply  of  pure 
water  to  drink.  .  It  is  like  a  number  of  other  places  on  the  East 
Coast, — a  place  for  visitora,  and  not  a  manufacturing  town. 
Thei'^ore  it  is  gratifying  to  tho^e  who  m^e  it  their  place  of  visit 
to  know  that  the  water  is  both  pure  and  of  good  supply.  I  have 
much  pleasure  in  proposing  a  hearty  vote  of  thanks  to  Mr. 
Pritcbard  for  the  paper. ' 

Mr.  W.  NlSBBT  Blaib:  I  rim  to  seoo&d  the  vote  of  Uunks 
to  the  Author  of  the  paper.  -It  is  useful,  unquestionably,  w 
being  a  rec(nd  of  foot  that  will  be  a  guide  to  many  of  as  in 
puttii^  down  horinga.  In  St.  FaDcias,  we  hkve  lately  sunk 
three  wells.  In  one- case  we  have  a  deep  well  pump,  and  in  the 
two  other  cases  we  lift  the  water  by  the  air-lift  system.  Tbat 
unquestionably  proves  more  economical,  than  the  deep-well 
pump,  and  you  are  able  also  to  get- a  greater  delivery  imia.  any 
borehole  than  you  can  from  a  deep  pump  fixed  in  some  borehole. 
It  occurred  to  me  whether  Mr.  Pritchard  had  considered  the 
method  of  lifting  water  by  the  air-lift  system,  as  any  difficulty 
in  getting  the  necewary  quantity  by  a  deep  well  pomp  would 
be  overcome  by  the  .air-lift. .  The  disadvantage  we  have  in  my 
own  case,  is  due  to  the  intermittent  supply  required.  Onr 
supply  is  not  for  potable  water,  but  for  swimming-baths ;  the 
water  has,  however,  been  analysed  and  proved  to  be  an  abso- 
lutely pure  water.  But  you  cannot  get  the  same  economy  in 
pumping  if  you  are  running  intermittently.  The  cost  of  pump- 
ing to  us  is  about  2d.  per  1000  gallons,  whereas  we  had  to  pay 
a  water  company  9d.  per  1000  gallons  for  the  same  quantity  ; 
or,  rather,  we  could  not  then  be  so  generous  in  the  use  of  water 
as  we  are  now  that  we  are  only  pa3dttg  2d.  ^et  1000  gallons. 
Thece  is  a  farther  advantage  in  an  air-lift  where  applied  to  a 
public  bath.  If  yon  lift  by  a  deep-well  pump,  yon  bring  the 
water  up  at  its  normal  temperature  of  56°  to  60°.  If  you  bring 
the  water  up  by  an  air-lift,  it  is  delivered  at  about  70°.  You 
have,  therefore,  no  circulatii^f  to  do  to  make  it  suitable  for 
bathers,  and  we  have  found  in  both  baths  that  we  actually  use 
less  coc^  for  raising  steam  fix  the  pumps,  or  for  the  air-lift  than  we 
used  before,  when  we  tmly  had  to  raise  steam  for  (nrculating  the 
water  for  heating.  In  other  words,  the  coal  used  far  raiang  the 
water  is  lees  than  is  reqoired  for  heatii^;  it,  I  would  like  to 
ask  Mr.  Pritchard  irtietiwr,  in  going  down  in  Ota  ehalk,  he  fonnd 
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the  wfttei  &aw  almoot  entirelj  from  certain  beds,  probably  flints 
in  the  chalk,  and  vhether,  by  going  down  a  further  100  feet,  he 
got  any  tangible  inoreaae  in  the  flow  of  the  water.  I  know  of  a 
well — it  does  not  beloi^  to  my  Council,  but  to  the  Midland 
Bailway  Company — ^where  they  sank  a  well  9  feet  in.  diameter 
down  into  the  chalk  until  water  came  in  vexj  &eely.  Th^ 
were  pumping  40,000  gallons  an  hour.  They  employed  large 
pumps  to  lift  the  water  in  order  to  sink  the  well  farther.  They 
then  started  a  20-inch  boring,  and  went  down  200  feet  into  the 
chalk,  and  by  running  the  Same  pumps  at  the  same  speed  tJiey 
found  there  was  no  additional  water  ftvm  that  200  feet  of  boring 
of  20  inches  diameter.  They  abandoned  the  boring,  drove 
headings  at  the  level  of  the  free  flow  of  water,  and  they  have 
undoubtedly  increased  the  supply.  There  is  a  further  point.  I 
have  proved  that  by  going  down  into  the  middle  chalk,  yon  are 
apt  to  get  a  harder  water  than  from  the  upper  chalk.  As  a  soft 
supply  is  preferaUe,  that  is  another  reason  for  not  going  deep. 
On  the  other  hand,  if  you  adopt  the  aii^lift  system,  you  rec^uire 
to  go  to  a  total  depth  about  three  times  the  actual  depth  at 
which  the  water  flows.  If  you  get  water  at  150  feet,  you  have 
to  bore  about  450  feet  in  order  to  use  the  air-lift  system. 

Mr.  W.  T.  S.  ScHLDMD :  With  reference  to  the  leaking  of 
water  from  the  reservoir,  which  is  stated  to  have  been  at  the 
rate  of  3^  inches  per  day,  it  occnrred  to  me  that  the  caulking 
of  the  joints  with  oakum  ia  not  a  sanitary  thing  to  do,  and  that 
the  stoning  of  the  water  may  be  due  to  the  presence  of  oaknm. 
ThoD  it  occurred  to  me  whether  the  oakum  would  not  form  a 
breeding  ground  for  bacteria.  The  depth  of  the  adits  is  not 
stated  in  the  paper.  I  should  like  to  know  if  divers  were  em- 
ployed for  the  purpose,  or  whether  the  water  was  kept  down  by 
means  of  pumping  to  allow  the  men  to  work  in  the  adits. 

Mr.  A,  C.  James  :  I  do  not  exactly  see  how  the  joint  betwera 
the  two  tubes  was  made.  Unfortunately  I  have  not  had  any 
experience  of  waterworks,  and  I  do  not  see  how  it  is  to  be  made 
watertight.  With  reference  to  the  analysis  of  the  water,  I 
sbonld  like  to  know  whether  this  is  an  average  sample  of  the 
water,  or  whether  the  hardness  inoreases  in  summer,  or  temains 
the  same  all  the  year  round.  There  is  one  other  point  as  to 
the  infiltration  ot  sea  water.  In  my  district  we  have  the 
pumpii^  station  Cor  piactically  the  whole  of  South  Essex,  aitd 
the  station  is  situate  half  a  mile  &om  the  Thames.     A  oom- 
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plaint  vaa  made  that  the  vater  was  brackiBh.  A  sample 
was  Bent  to  be  analysed  by  Dr.  Thresh,  who  found  tibat  the 
water  contained  70  grains  of  chlorine  per  gallon,  and  that  about 
6^  per  cent,  of  Thames  water  was  going  in,  making  it  dangerous 
to  drink.  That  would  not  obtain  in  the  case  of  Cromer,  as  it 
would  be  sea  water  going  in,  and  would  be  simply  unpleasant 
to  drink. 

Mr.  T.  Pkitchabd,  in  reply :  Tie  depth  is  140  feet  at  the 
new  welL  The  usual  depth  of  pnmping  at  old  well  is  50  feet 
below  mean  sea  level,  and  we  are  situate  about  two-thirds  of  a 
mile  from  the  sea.  There  has  been  no  infiltration  at  alL  Piac- 
tically  the  whole  of  the  water  comes  from  the  land  side.  For 
several  years  we  have  felt  we  might  have  the  sea  in  at  any 
time,  and  that  is  one  of  the  reasons  why  the  company  decided 
to  go  further  inland  for  their  new  works.  We  had  power  to 
drive  headings  at  the  old  works,  but  the  risk  of  sea  infiltratitai 
was  considered  too  great  to  be  run  any  longer.  The  total 
pumping  lift  is  170  feet,  110  feet  in  the  well  and  60  feet  to  the 
reservoir,  and  with  the  60  feet  above  ground  we  considered  the 
air  lift  was  hardly  suitable.  It  means  sinking  the  well  much 
deeper  and  having  a  staodpipe  there.  We  had  no  power  to  do 
that.  The  original  pump  was  in,  and  is  kept  as  a  duplicate  for 
the  new  one.  In  the  flint  bands  we  found  a  good  deal  of  water, 
but  most  of  our  water  comes  from  fissures.  By  sinking  the 
borehole  deeper,  we  should  get  it  &om  the  flint,  but  not  from 
the  fissures.  There  are  417  feet  of  adits  &om  the  new  well, 
and  we  get  &om  them  245,000  gallons  of  water.  Mr.  Schlnnd 
has  referred  to  the  caulking  of  the  faulty  joints  in '  reservoir 
with  oakum.  Those  Joints  were  cut  down  the  whole-  depth  o( 
the  brickwork,  and  there  are  two  inches  of  cement  covering  the 
oakom.  The  headings  were  all  dry  when  driven,  the  water 
being  pumped  down. 

A  MsBfDEB :  What  is  the  size  of  the  headings  T 
Mr.  Pbitchabd  :  6  feet  by  4j^.  I  cannot  give  you  the  cost 
of  pumping,  but  I  think  it  averages  between  2d.  and  3d.  per 
thousand  gallons.  Of  course  the  clay  and  cement  joint  at  tbe 
bottom  of  the  pipe  was  only  temporary.  One  gentleman  asked 
about  the  analysis  of  the  water.  Wei],  that  is  an  analysis  taken 
at  the  end  of  the  summer,  Analyses  are  taken  prettry  frequently, 
and  all  appear  about  the  same  in  quality  and  hardness. 
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.  At  the  mid-day  adfoumment  on  Thwsday,  the  President  and 
Jlfetniers  of  the  AaaociaUon  loere  the  Giugtt  o/the  Right  Wor^vip- 
f*d  the  Mayor  qf  Nonmch  {Mr.  B.  Z.  T.  Floioen)  at  lunehem  at 
the  Mai^g  Head  Hotd.  In  the  ewning  the  AwMtal  Association 
JXmier  was  held  at  the  Maid's  Head  Hotel,  the  President  (Mr. 
A,  E.  CoUins)  in  the  chair. 

Immediately  foUowing  the  condusion  of  the  technical  bunnets 
<(f  the  Annual  Meeting  on  the  Friday,  the  Pretidrnt  and  Memhers 
proceeded  in .  amveyawxs  to  I3ie  Heigham  Works  of  the  City  of 
Norwich  Water  Company.  Awaiting  the  party  at  the  works  were 
Alderman  A.  B.  Chamberlain,  Chairman,  and  the  IHrectors  of 
the  Company,  Mr.  Charles  Hawksley,  ConnUting  Engineer  of  the 
Company,  and  Mr,  W,  H.  Parr,  Manager.  The  Mayor  of  Norwich 
was  also  present.  The  works  of  the  Company  were  inspected,  in- 
cluding the  intake  from  the  River  Wensum,  low-lift  pumps,  high- 
lit pumps,  multijAe  pump  valves  of  latter,  sedimentation  tanks, 
filters,  sand  washers,  etc.  The  President  and  Membert  were  of  Up- 
wards entertained  to  luncheon  hy  the  Directors  of  the  Water 
Company. 

The  party  then  proceeded  to  the  Wettwiek  depot  of  the  Norwich 
Corporation.  Here  the  Members  went  ova"  the  eaOensive  and  ad- 
mirahly  planned  depot,  inspecting  the  stores,  liahlea,  workshops, 
and  air-compresting  station. 

Visits  were  next  paid  to  the  Palace  and  Bishop's  Bridge  Gas 
Works  of  the  British  Gat  Light  Company.  At  the  Palace  Gas 
Works  the  President  and  Membert  were  received  and  welcomed  by 
Mr.  Thomas  Glover,  Engineer  and  Manager  of  the  Company, 
und^  whose  guidance  they  inspected  the  modem  gas  making  plant, 
including  mechanically  fed  and  discharged  retorts,  water  gas 
plant,  and  coal  and  coke  discharging,  distributing,  and  storage 
plant.  From  the  Palace  Works  the  Members  went  to  the  Bishop's 
Bridge  Works,  where  Mr.  Glover  had  arranged  a  most  complete 
and  interesting  exhibition  of  street  lighting  lanterns  and  fittings, 
together  wOh  Glover's  arrangenent  of  distrUmting  valves  and  new 
photometric  apparatus.  Zight  refres/iments  were  served  on  the 
invHaOon  of  the  Chairman  (Mr.  Sbrtley  Palmer),  the  Directors, 
and  Mr.  T.  Glover,  the  Engineer  and  Manager  of  the  British  Gas 
Light  Company, 

The  round  of  visits  was  concluded  by  a  visit  to  the  Castle 
Museum  and  an  inspection  of  the  historical  Begalia  of  the  Corpo- 
ration at  the  GuUdhall. 
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IJttkeweninff,  Ae  MetnUn  wer»  the  Gvetta  of  the  PretideiU  at 
a  moit  hieeeaBfiU  mnofanff  concert  hdd  in  the  Bladc/riaT$  Sail. 

3atwd{(y  vftu  devoted  to  a  mott  mtjoycibU  ttectenion  ttf  Broad- 
lajid.  Tht  Umbert  tra/eelled  &y  train  to  Wroxham,  vihtre  thtg 
went  aboard  eleelric  and  eteam  Jawnekeg  for  a  most  enjoyaHe 
excwaion  on  the/ar-/amed  Norfolk  Broade,  msiting  the  Wroxham- 
and  SalhoKne  Broads.  The  parly  was  entertained  to  Tefrethm^nts 
ly  the  Sheriff  (Mr.  E.  L.  Clark)  at  his  riverside  bwigaUne,  and 
had  Itrndieon  together  at  the  Swan  at  Morning.  BeaviUfvl 
weather  prevailed. 
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STATISTICAL  BETUBNS 

On  the  following  sabjeotB  lie  ai  the  Offices  of  the  j 

11  Victoria  Street,  WeBtminstor,  S.W.  Those  muked  tfans 
"  are  in  daplicste,  and  can  be  borrowed  for  penual  t^ 
Membets  on  ftpplioatiou  to  the  Secretary.  Those  not  marked 
*  can  only  be  inspected  at  the  Offioes. 

N.B. — Plkask  QnoTB  BKnsBNOK  Nukbeb. 


B«£Mo. 

Abattobb  (Public). 
13      Compiled  by  W.  Ghap|de  Eddowee.  ShiewBbory.     1902. 

GEMKtB&IXB   (PdBLIO). 

S3    '.Compiled  by  H.  Bichardson,  Handsworth.  1904. 

Dbainaob  CoNmanoNa  (Fbivatb}. 
11     'Compiled  by  H.  BiohardBon,  A.M.  Inrt.  C.EL     1902. 

Bbainaob  (Housb). 
1        Compiled    by  J.  Atkinaon.  A.H.  Inst  C.E.,  Btoclqiort. 
1894. 

Dbajhaob  (Nbw  BuiLiairas). 
49    'Compiled  by  E.  J.  LoTegrore,  H.  Inst.  G  Jl,  Haiaaey. 
1896. 

FiBB  Bbiqadbb. 
36      Compiled  by  0.  T.  Lynam,  A.M.  Inst  CJL,  Boxtootai- 
Trent     1899. 

Eobbbs  (Cost  or  Emehxo). 
3        Comioled  by  H.  Petree,  A.H.  Lut  CE.,  OrimBby.     1896. 

HoePTFAL  (iNTBOnOVi  DiBBABBS). 

60     'CcmipUed  by  3.  Walker  Smith,  Barrow^n-Fnmeaa.    1005. 
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:    Ijaxraa  (Euonoo). 
S         Compiled b; J. W.Biom,  AH. Inst  CJl, Wert EatUepooL 
18»4. 

4  Compiled   by  J.  W.   Oookrill,    A.U.  Iiat.  Ci:.,   Onat 

Yamootli.    1891. 

5  Compiled  b;W.  A.  I>aTiea,A.H.  Iiat,  C.E.,Aetoa  Manor. 

1883. 

40  CompOed  bj  E.  J.  Siloook,  A.H.  laat  C.E.,  Eing'a  Ljiiu 

1896. 
LtOREiHa  (Gaa). 

6  Compiled  by  J.  W.  Btadloy,  A.M.  Inat  CJB.,   Nebm. 

1896. 

7  Cndertakinge  in  the  bande  of  Local  Anthoritiea.   Compiled 

byP.  Iloei,A.lI.InitC.E,Morll>Bierley.     189(S. 

LisHTiKo  (Prauo  SiBm). 

8  Compiled  by  A.  H.Campb<!ll,A.II.Inat.C.E,Canterbiuy. 

189S. 
0        Compiled  by  G.  C.  Bmitb,  Dalton-in-ForneBS.     1892. 
48    'Compiled  by  £.  J.  LoTegroTe,  U.  Inat.  CE.,  Honuey. 

1900. 
M    'Compiled  by  A.  £.  Niobola.     1909. 

LiQnm  NioHT  Son.  (DispoaAi.  or). 
88    'Compiled  by  Q.  T.  Lynam,  A.M.  InaL  C.E..  Bnrton-on- 
'L'nnL     1899. 
UoiOB  WAOom  (UnLiTT  iXD  WoBxiMO  or). 

67  'Compiled  by  J.  Walker  ^mith,  Barrow-m-Fonieee.    1905. 

68  'Compiled  by  B.  J.  Aoge).  A.U.  Inat,  C.E.,  Betmondaey. 

1903. 
PaTXUHia  (GoMpanmon  or  Lm  aan  Coot  or  Qkajon 
AM)  OsmtoKB). 
10     Compiled  by  C.  F.  Wike,  H.  Inat  CX,  Sbeflidd.    189a 

PAWixHn  (Tan  Maoanm). 
46     Compiled  tgr  A.  R  OoU^  A.K.  bat  QE.,    NonricL 

18^,  > 

4?.    '  Compiled  by  }.  Qall,  M.  Inat  C.E.,  Cbeltanbam.     1896, 

41  Compiled  by  K  A.  BtioUand,  A.M.  Inat  OE,  WindKK 

1897.  .■      <    ,    ■'.    :  ■'■■'■   -i 
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Bef.No. 

Fbitate  Stbbbi  Ixfbotbkbhtb  (GogrannranoH  er  Wobu 

OF). 

13  Compiled  ly  W.  J.  Newton,  A.M.  Insi  C.E..  AooringtiHi. 

1892. 
66    'CompiledbjT.  J.BiiBhbrooke.Gh«ppingW;ooinb&  1905. 

PuBLK  Baths  ahd  Wasbhousm.. 
43    'Compiled  b;  P.  Edinger,  Fioma     1897.     . 
■66    'Compiled  by  J.  W^ker  Smith.  BaiTOW-in-Furiiees.     1909. 
BxFirsB  (COLI.IOIION  or). 

1 4  Compiled  by  J.  Prioe.  A.M.  Inst  UB.,  Toxte«h  ]^t^  189L 

RbTUBB    (BlSTBDOrOBB). 

15  Oompiled  by  VV.  Brooke,  A.M.  Inst  C.E.,Biobmoiid.  1885. 
33      Compiled  by  J.  Gammage,  Boroi^h  Surveyor,  Dndley. 

1899. 
BxFnsB  (BiSFOSUi  or). 
*ie      Compiled  by  J.  Prioe,  A.M.  Ingt.  C.E.,  Toxteth  Park. 

1898. 
Bsmsi  (^HOTAL  of). 

17  Compiled  by  C.  B.  Forttme,  Bath.     1886. 

BoAoe  (HAiNisiTAnoB  or  Maih  in  Noh-Coustt  Bobodgbb). 

18  Compiled  by  W.  Howaid-Siiutb,  AM.  InsL  CJB,  OuliBle. 

1894. 
B0AD8  (Patiko  or  Main). 
31      Compiled  by  H.Biobudaoi^  A.H.  Inst.  C.E.,  Aston  Ibnor. 

1899. 
BoASB  (Saax  BoLLno  or). 

19  Compiled  by  A.  W.  Parry,  A.M.  Inst  C.E.,  Beading. 
BoADB  (WAtXBiaa  or).  ^ 

20  Compiled  by  W.  Dawson,  A.H.  last.  C.E.,  Leyton.    1891. 

BOATXVQIHO  (StBIBT). 

17      Compiled  by  0.  B.  Fortnas,  Bath.    ISSC 
Sbwaob  (Dispobal  or). 

21  Compiled  by  J.  H.  Cox,  U.  Inst  OJl.,  Bradford.     1892. 
82      Compiled  by  H.   BiohardBoa,  A.M.  Inst.  0.1L,  Oldbuy. 

1890.         .    . 
39      Compiled  by  J.  W.  CookriU.  U.  Xnat.  C.E. .  1900. 
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B«CNo. 

'    SbVAOB  DUffOBAL   WOBXS. 

30     'Compiled  by  Q.  T.  Lynam,  A.H.  Inst.  O.E.,  Bnrton-on- 
Traat     1899. 

Sbwaob  (PnBmoATioH  oy). 

22  Compiled  hy  H.  BisbudBon.  A.H.  Inst  C.E,  Oldbor;. 

1890. 

Sbwbbs  (Ventiii&tioit  or). 

23  Compiled  by  J.  T.  Eanuhaw,  A.M.  loBt.  C.G.,  Aabtoo- 

ander-Lyna     1893. 
ei     •Compiled  by  H.  (J. 'Whyatt,  GrimBby.     1900. 

SLUTaHTKB-HoDBia. 

26      Oompled    by  J.  W.  Cookrill,    A.M.  Iiwt  C  Jl.   Gnat 
TarmoQth.     1885. 

StBBBIS   (CoiTBTBUOTtOH   Of   Nkw). 

60    'Compiled  by  T.  B.  Smith.  Kettering.    1902.     ' 

Tbah  Labodb. 
62    'Compiled  by  T.  J.  Basbbrooke,  Chepping  Wy«(Hiibe.  1 904. 

Tbavwats. 
26      Compiled  by  J.  E.  BwindlebnrBt.  A.M.  Inst.  G.E.,  Bnrton- 
OD-Trent.    1891. 

Tbaxwatb  (ELBumio). 

24  'Compiled  1^  O.  T.  Lynam,  A  Jl  Inst.  (XE.,  Bnrton-on- 

Trent    190a 
34      Gominled  by  the  Town  Clerk  of  Birmingham.    1899. 

43  Oon^iled  by  Chas.  Hayne,  AM.  Inst.  CJl,  Unnkdpal 

Engineer,  Shanghai     1897. 

UNDEBOBOinn)  TeLBPHOHB  and  TaLaQBAfH  WlBB& 
37    'Compiled  by  Or.  T.  Lynam,  A.M.  Inst.  C.K,  Bnrton-on- 
Trent     1899. 

Waix*  Bates. 

44  Compiled  by  A.  W.  Lsvmn.  A.H.  Inst.  CE.,  Botoagh 

Engineer,  BawtMistalL    1898. 
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BrtNo. 

Watbb    SvrrLT    (DiAurBBS    ahd    Dn^n    a^    Hun 
Fbozih  m  1895). 
27      Compiled  by  E.  Pritohard.  H.  Inst  OJl,  KnDiDghwn. 

1895. 

Watib  Scfplt  (tob  DoKisno  AKD  Okhrai,  PuBPoen). 
as     Compiled  by  J.  T.  Eayis,  A.H.  Inrt.  C.E.,  West  Bromwicb. 
1890. 

Wobkker's  Dwblldtos. 
89    *Compikd  by  S.  W.  Cookrill,  A^  Inst  G.E..  Gnat  Yar- 

moath.     1897. 

WoBEimi'B  Waobb  and  Houb8  or  Laboub. 
46      Compiled  by  J.  B.  Dixon,  A.M.  Insb  (XK  Shoraditoh. 

1897. 
30     Compiled  by  B.  H.  HayneB,  Newport,  Mon.    1897. 
82      Compiled  by  8.  E.  Brugeo^  M.  Iiu&  G.E.,  Sootk  Shidda. 


TBAHBAonom  or  Otsib  Sooibtieb,  Books,  Era, 

London  Chamber  of  Commeroe.    Beport  cm  Setaeb  ComjaiagionB. 

1899. 
London  Chamber  of  Commerce,    Bepcni  oa  Cement  Admixbiree. 

1897. 
British  Fire  Prerention  Committee, 
Field  Work  and  Inatrnmenta.     By  A.  T.  Wahoialey. 
Glasgow  Engineeriag  Oangrem,  1801. 
InstitntioD  of  Mechwioal  Engineers. 
Land  Sorreying  and  IJeveUing.    By  A.  T.  Walmialey. 
8o(aety  of  EjDgineeiB. 
Stressee  and  Strains.    By  F.  R.  Fanow. 
Btraotnral  Iron  and  Steel    By  W.  K.  Twelvetreee. 
The  Sanitary  Institttte. 

Spbcul  Bbpobib. 

Bacterial   Treatment  of    Sewage.      Prof.   Fnnk    Giowee,   D.Sc. 

(London),  and  A.  C.  Hooaton,  H.B.  D.80.    1901 
Bacteriologioal  Experimente  with  Sewa^.    Borough  SatreTO^ 

LeiceaW.     1900. 
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BPBCUL  BXPOBTS  AKD  PAHPHLBT8.  4H1 

'  -BritiBh  StaO&id  Seotkou.     Engineering  Btsndaids  Committor, 

1903. 
DiqwBKl  of  Bef QBB,  6t&,  in  Oitiesof  Melbonzne  and  Adelaide,  Beport 

on.    Oitrf  Snrreyor,  Sydney.     1891. 
HaDohester  Xain  Dninege,  Beport  on.     City  Surveyor,  Han- 

Chester.     1806. 
PnUio  Baths,' Xnstmotioos,  etc.  to  Arohiteote.    Sorreyor  to  th» 

Urbu  Distriot  Oottnotl,  Handawoith.     1901. 
BefoBs  Destrootor  and  Ebotrioify  Works,  Beport  on.    Borongh. 

Engineer,  Nflkcm.    1899. 
Sewage  Diapcnal,  Beport  on.    Boroagh  Snrreyor,  Bradford. 
Sewage  Disposal  Works,  Speoififiation,  eto,  for.  Bi»ongh  Engineer,. 

Blackbnm. 
Sewage  Pniifioation.    J.  D.  Walscm.     1903. 
Sewer  Ventilation,  Bepwt  <kl     Borough  Engineer,  Leicester. 

1899. 
Steam  Boad  Boiling,  Beport  on.    Connty  Smreyor,  Hereford.. 

1897. 
Storage  of  Flood  Water.    Prof  H.  Bobinson.    1899.    . 
Town  Befnse  Destmcton,  Beport  on.     Borough  Snireyor  ot 

Ipswick     1896. 
Tramway  Tzaction,  Beport  on. 

City  Snrreyor,  Kimingham.    1899. 

(Sty  Sorveyor,  Sheffield.    1897. 

Treatment  and  Destruction  of  Befiiae,  Beport  on.    City  Surreyor^ 

Sydney.     1897. 
Well  Sinking  and  Boring  Operations.    Surveyor  to  the  tJrbau 

Dietziet  Conndl,  Eandsworth.    1904. 
Western  Australian  Hard  Woods.    Ageat-Ganeral  for  Western 

Australii.     1902. 

Tamfblbb. 
Oooioal  Projection  c^  Haps.    K  H  Foy.    1901. 
Destructon  and  Steam  Prodootion.    W.  H.  MaxwelL     1 901. 
Formnls  and  Tables  of  Velocities  and  Disoha^es  of  Sewers. 

T.  Be  Oniny  MeadcL    1897. 
Greater  Manchester.    J.  Swarhhok.     1903. 
Hodogzaph,  the.    T.  Ferguson.    1901. 
Inomstation  of  Iron  Water  Pipes.    Water  Engineer,  Torquay. 
Meteon4offy  of  Nottingbam.    Also  Chart  showing  the  relation  of 

the  Nnmber  of  Deaths  fixtm  varioua  causes  to  Heteorological 

Conditions  for  1901.     Cominled  1^  A.  Brown,  M.  Inst.  GE.,. 

Boiougfa  Sorreyor,  Nottingham,  and  Philip  -Boobl^er,  H.B. 
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Praadential    Add»n  to  Aaaooiataon  U  .  Kimin^uHa   Statadi. 

J.  Price.     1902. 
Baiflitu;  ot  Wotet  from  Deep  WeUs  by  OomptoBed  Air.     W.  H. 

mxvea.    1903.  .  . 

Type  DnwingB  for  Melbotujie  Sewosgo.     W.  Thwaitafi,  GUrf 

Engineer,  Uelboame. 
Drawings  of  Lot'g  Boad  Fom^nng  Station,   I1.C.C.        Mamin 

FitEmaorioe,  Chief  Engineer. 

JoUBKjUiS. 

American  Eleotridan.  <      ' 

„        Electrical  World  and  Endear.  "    '" 

„        Engineering  Beooid. ,  *' 

Builder.  ;    ■       ■■•':",. 

■    Cassier'fl  Magszice.  '"'      '      '■'''  '-'■ 

J    Oontraot  JonioaL 

Electrical  Ensineer.  '    ' 

Engineering  Times.  „   " 

Local  GtoTemment  Chronicle.  '    —  - 

F^e'a  Magazine.  \ '"         'T, 

Pnblie  Health  Engineer.  '     i 

Saoitarf  Beoord.  '  ' .,  ,'    ^ ' ' 

Street  Railway  Jonmal. 

Sorreyor  and  Municipal  and  Cdnnfy  Engineer. 

The  Qnany. 

Water. 

Papbbs. 

A  foiTpriattoftttefollowinf[Papen(ooiit>tne<liiipMtToliimeaof 'ProoMdiDga') 
■IS  id  stock  At  tha  OfBoea  Ot  the  Astodatioii,  u>d  11W7  be  obt^Md  titma  the 
Beoratuy,  if  O*  B«far«no«  Namber  U  qmttd  amd  at  addrmted  pottal 
wrapptr  U  tiKioted/ar  eoApaper  ttgrnired. 

'98      Aberdeen,  Unniolpal  Engineering  in.     W.  Dyaek. 

-97      Aberdeen  Waterworks.    J.  Gordon. 

22      American  Sewer  Design.    J.  S.  Hodgson. 

28      Bristol  Tramways  Zleotrloal  InatallaUon.  J.  Cliflon 

BobinsoD. 
IS       Boxton  Hnnieipal  Works.    W.  H.  GrioTn. 
90      Ohlohester,  Municipal  Bnginaering  Works  in.  Jamea 

Saiinder& 
■86      Ooal-Hining  Sabsldenoes  in  Relation  to  Seweimga 

Works.    F.  W.  Mager, 
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29  Xlsotrloal  Worki  In  BriatoL    H.  Fatadaj  Frootor. 

96  Bleotrio  Cable  Subway.     6.  B.  Q.  Gonvsy. 

66  Hooolng  of  the  Laboaring  Glaisai.    A.  H.  OampboU. 

110  Housing  of  the  Working  ClasseB.    B.  S.  Bonnthwaite. 
16  Isolation  Hospitals.    F.  Smytlie. 

1  King's    Lynn    Mimioipal    Worka        Henry    James 

WeaTer. 

03  Oswestry.  Municipal  Work  in.    O.  WiUiain  Looey. 

94  Passenger  Lift,  Water  Balance.    P.  E.  Palmer. 

3  Purification    Works    at    Mlnworth    Oreavea      A. 

Bryan. 

6  RefOsa  Destructor.    J>.  J.  Boberta 

SI  Reservoir  Constmotlon.    G.  MitcbelL 

100  Bnnoorn,  Municipal  Work  In.    J.  Wilding. 

4  Sewage  and  SlutCge  DisposaL    Q.  A.  Hart 
16  Sewage  Disposal.     A.  Creer. 

23  Shone's  Ventilation  System.    £.  G.  Uawbey. 

26  Shrewsbury  Main  Drainage.    G.  Midgley  Taylci. 

91  Bouthend-on-Sea,  The  Municipal  Works  ot    Alfred 

Fidlet. 

104  Sudbnry,  Municipal  Work  at    T.  W.  A.  Hayward. 

89  SwadUnoote  Public  Worka     Thomas  Eidd. 

14  Tramways,  Wear  and  Maintenance  of;     G.  F.  Wike. 

106  Ventilation  of  Drains.    C.  G.  Smith. 

111  VenUlation  of  Sewers.    A.  W.  Crosa. 

106  Ventilation  of  Sewers.     H.  H.  Hnmphriea. 

112  Ventilation  of  Sewers.    B.  Bead. 

107  VentUaUon  of  Sewers.     W.  J.  Steele. 
103  Water  Suppliea     B.  Pickering. 

102  Whitehaven,  Pabllo  Works  o£    J.  B.  Brodifl. 

fifi  Widnes  Corporation  Oas  and  Water  Works.    J.  Garr. 

101  Wldnea,  Municipal  Works  o£    J.  B.  Sinclair. 

26  Withlngton  Municipal  Works.    A.  H.  Moontain. 
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SYLLABUS. 


Tai  IxooBPoBATiD  Abbooutiom  or  Municipal  amd  Oodhti 
BHaDmRa  undertake  tha  holding  of  ExfttninfttiaaB,  1^  irritton  papen 
ftnd  nti  voce,  in  the  fonr  following  snbjeotB : — 

Engineering  u  applied  to  Mnuicipol  work. 

Snilding  Cinutruction  and  M«teri»li. 

Sanitarf  Scienoe  aa  applied  to  Towna  and  Bnildinga. 

Municipal  and  Local  GiOTernmant  Law  aa  istaUng  to  (ha  work 
of  Haaicipal  Engineers  and  SurT«yor& 

Erery  candidate  who  applies  for  penniBsion  to  ait  tat  tba  Exaaina- 
tion  of  the  Aisooiation  most  pomoa)  one  of  the  Oertifioatea  baninafior 
mentioned  in  each  of  the  fbllowii^;  Bnbjects : — 

EiraLiBB,  inolnding  (1)  Elnglisb  Composition ;  (2)  English  QramiiMr, 
iDclading  Aualjns  and  Parsing;  (8)  Boiglish  Hiatory;  (4)  Gao- 
graphy. 
Hatsbk ATioa,  inolading  (1)  ArUhmitie — Valgar  and  dedmal  fntetkio*, 
proporUoa,  square  root,  simple  and  oconponnd  intanat,  proSt  ind 
luaa,  percentage,  H.O.F.  and  L.C.H. ;  (2)  Algdm — the  ordiuiy 
rules ;  fractions ;  braokela ;  simple,  simnlcaDeons  and  easy  qnadntis 
equBtiODH, and  problems  iDTolvingtliB  use  oriooheqnatiooi;  H.CLF.; 
L.C.M. ;  and  square  root ;  (8)  BveUd—Ott,  fint  three  books. 

Lirt  of  Oerti&oates  which  will  be  aooeptad  as  eridecoe  tint 
OuididHtea  pooseBB  the  necessary  qoalifloatioiis  in  the  Tkrions  aib- 
jeotB: — 

(1)  BxoLisH  GonoamoK  akd  (2)  ExeusH  Os&xiua. 

Vnntnttg  of  London :  HatilonlatioQ  GxamtDBtion. 

Vietoria  ViUvtnily:  pMllminary  Ezaminatlon. 

TMtarrilji  o/  A.  JndnHt :  PreltmioBrir  Examtnation  in  SeJeDoa. 

UttittnUn  of  CHaigatt :  PiellalDaiy  E^wninatkni  la  8denae> 

DniMnity  of  Abtrdean :  Prallmtnaiy  Bsaantiiatiaii  is  Seteoea. 

IMMTti^  of  EdittbuTj^ :  Ptxltminw;  Biamlnatfaw  In  Belenee. 

UtdmnOf  ^ DMtn:  OenenlBzunlnayoaatendorSanlarFiMhBta  jwt 
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Vniitenitgof  VtiilMi  HattioDlktioa  BiamlnatioD. 

lAiton-aitp 0/  Birtniv^umi:  MBtricnladon Exuninatini. 

Kin^t  CoBtge,  Ltmdon :  Examinadoii  tor  the  College  MatrioalKtioD  Oertlfl- 

cats  in  BngiiweiiDg. 
VnivmvUf    Collage,    London :     HatnoalatioD    BuminatioD    (EagmeeriDg 

Dap&TtiDent> 
Bofol  Ind^a1^  Snginmrlxg  CoOaga,  Coopa't  SUl :  Entraooe  EuuninktiotL 
CUg  and  OviUtnf  London  OntralTeiimieaiOaUege:  Uktrionlatioa  Esam- 

InatioD. 
Vnivenilff  Colltga, Briitol:  Preliminary  EzamiDatlcni  (Engineering  Depart- 

Seoldi  EdueaHon  DtpaiimeiU:  The  Leariug  Certiaoate. 

Oxford  amd  Cambridge  SdiooU  Examination  Board:  A  Higher  CwtiSMte. 

Vtiiaaiily  of  Adelaide :  Senior  Pnblla  Ex&mination. 

Vnivertifg  of  Tamtmia:  Senior  Pnblie  EsainioBtion. 

Cfantral  WtUk  Board:  Honoun,  Senior  01  Junior.  Certlflaate  to  be  en- 
doned  "Gnglub  CompoMUou,"  "English  Langruf^"  and  "EngUih 
Lltemtnre.'' 

Booiely  of  Art* :  AdTaoced  stage— Firat  or  Becond  Claas,  obtained  unee 
1901;  Intemtediale  Btage—Fint  Clan,  obtained  riooe  1904;  ud  the 
certiflaat«g  aoTreaponding  thereto  obtained  prior  to  lOM. 

College  of  Preeepton :  Pint  Clus  (or  Senior),  Seoond  ClaM  (or  Jnolor),  in 
the  PTDfenional  Praliminaiy  Eiaminattoo ;  Fiitt  Olan  (or  Senior), 
Beoond  Claan  (or  Jnuior),  la  Certifloeto  ExaauDatioa. 


Senior  Examination—  Honoun  oi'  Paw. 


I   and    Litem- 


Jnnior  Examination — Hononn  or  PaaaL  I  tnre   will    be    aooHptad 

Oambridgi  Local :  [  aa  qnalifloatioD  required 

Senior  Eiamlnation— Hononre  or  Pan.  in  HnfflUh  Coaptiition 

Jnnior  Eiamination-Hononrs  or  Paai.  I  »>"»  EorIWi  Gi~>uaM- 

(8)  Emqlibe  Hibtobt. 

UitimrtUj/  of  London :  Hatricnlatlon  ExuninatiOQ. 

FteJon'a  Univtrrltn ;  Prellminar;  Examination. 

Vmhenity  of  81.  Andmee :  Piellmlnar;  ExHminatlon  in  Soience. 

Univ«Ttit]i  of  Glaigow :  FrellroiDary  Examinatioa  In  Boienee. 

UnititrtU]/  of  Aberdeon :  Preliminarj  Examinatioi]  in  HoiBDce. 

Dnivertitg  of  Edinburgh :  Preliminary  Examinatiun  tn  Sdenoe. 

DniveTtitji  of  DtUilin:  OenemlExaminatiotiatend c^ Senior Ftcahmaii year. 

Uidvertiljf  if  WaUe:  Hatrfonlation  Examination. 

IMsanfly  0/  Btrteingham :  Hatrioalation  Ezamiuntfoii. 

Kinffi  CoOege.  London :  Examinatioii  for  the  College  Hatrioalation  OertUI- 

oate  in  EngineerinK. 
Pnivenitg  CoOegt,  London:  Hatrienlatioi)  Examination  (Engineering  De- 

Bogal  Indian  Rigineering  OolUge,  Cooper'*  Etll:  Entianoe  BrMnln.tUn, 
cat  and  Ottild*  of  London  Central  Teelimieal  OoOege:  HatiioalaUoa  Bxam- 

ination. 
VmtereOg  CoOege,  Bridal:  Preliminaiy  Bsamination  (Engineering  Depart- 

eeoUh  Bditeatfon  Department :  Tfae  LeaTlng  Oertiflcato. 

O^ord  and  Oambridgt  BdMot*  EaamiaaUon  Board:  A  ffi^er  OntUoatOL 
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Vnifrn'tf  ^Addaida-.  Seiikit  Pabllo  »""■'"*'" 
IMreni^  0/  Tammatio:  Ssnior  Pnblio  Rmaimation. 
CatlTot  ifdih  Board :  Bonoim,  Senior  or  Jimior. 

Soeittfo/JrU:  Ai  foi  Bnglitfa  CompoailioD  aod  Engluh  GranuMr.   C*' 

tlflrate  Tor   ConHDercial  Hialor;  and  GecgTspIi;  will   be  Bccepbd  a 

qaaliOottioii  required  in  EDglieh  Hirtory  and  QfOgrtiphj, 

CdUegt  of  Prreeplon  :  A*  fax  English  Compoution  and  Eogliah  GnnBtr. 

(h^ord  Looal  :  As  for  EDglia}!  Composition  and  Eu^iih  Ctnunnicr.    0» 

^  tiflcate  for  Hislor;  irill  be  aooepted  aa  qoaliflcatioii  required  in  EtigU 

Cambridgt  Local:  As  for  Engliah  Composition  and  EnglialiGTMiiuiiu.  C»- 
tiflcate  (Benior  or  Juniw)  for  Birtory,  GeogrB[di7,  ete.,  will  be  eoceptri 
M  qaalfflaaUon  required  in  Bnglith  Hiitoty  ud  Geogrkplijr. 

(4)  GaooupHT. 
Vmvenilf  of  London :  Matrionlstloii  Eiamloation. 
Vi'eloTia  Dttitertily:  Prellminarj  EiaminatioD. 
nnitertit]/  of  St.  Andrtvit:  Prellminarr  Eiaminatjon  In  Baanoe- 
Dnivenilfi  of  OloMgov) :  Prelimioor;  ExaminBtion  in  Soienoe. 
Dmieniljf  of  Aberdetn:  Preliminar]' Exajninalkm  fn  Sclntee. 
DHivertilt  of  Edii^mrgb :  Preliminary  EiaminatioD  in  SoieDoe. 
Vnivenitjf  of  DtMin :  Gsiiersl  EzamiiiBtioii  at  end  of  Senior  Freehnisn  jfi. 
Unittniif  of  Walei :  Hatiicalstion  Examinntion. 
Dnivtnitf  of  BiToin^awi :  HaUictilatioti  EianiDation. 
Kinif»  College,  London :  Exsminatloi)  Ibr  tlie  CoU^e  Hatrioolatioti  Onti^ 

eats  in  EDgineeriiiK. 
VniMntty  ColUgt,  London :  Hatricnlation  EssminatioD  (Bngineering  De- 

Royal  indinn  Enyinotring  College,  Coopei't  HUl ;  Enbanoe  EsamiiMtian. 
C%  and  GuOdt  of  London  Central  Ttehnieol  College:  UatriODlatioB  Env 

ination. 
Vnivertily  College,  Briitd:  Preliminary  Eiaminatioa  ( Eugineeriug  De[ait- 

Baotch  Edtiealum  Beporhnatt :  The  Learing  Certlfloate. 

Oxford  and  Cambridge  Behooli  &xiaiinalioH  Board:  A  Uigber  Certiflcate. 

Vnivertilg  of  AdaUxiAe :  Senior  Pnblio  ExaminsticRi. 

IJnivtrtitg  of  Taaaiania  :  Senior  Pnblio  Examination. 

Central  tTo/iA  Board  :  Eououra,  Senior  or  Jnnior. 

Sodetg  of  Artt:  Aa  for  Bagliah  HiBtory. 

College  of  Preeeptort :  Am  for  Englisb  Composition  end  English  GTunmar. 

Oxford  Loeol :  Ab  for  Engtiah  Compoailion  and  Englisb  Grammar. 

Cambridge  Xooal :  As  for  EngUih  History. 

MATBUtATTOa. 

Unnertity  of  London :  MatricnUtion  Examination. 

Yietaria  Umvereity :  Preliminary  Biamination. 

DrtivenHy  of  St.  Andrewt :  Preliminary  Examination  in  Soienoe. 

Unitenitf  of  Glatgow :  Preliminary  Eismination  in  ijcienoe. 

Unieeriity  of  Aberdeen :  Prellmfnary  Examination  in  Science. 

Univertily  of  EdMitiTgh :  Preliminary  Ezamtnation  in  Sdence. 

Vwiverntjf  1^ IhMin :  General  ExauiinationatendorScnkvFceeliinui  j«w. 
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UmlTenitf  ^  IFalN;  Hktrianlatioo  Ezamiiutioii. 

VMvtnOf  0/  BtrwJm^am:  lUtrloolkUoa  EumioKtioD. 

Eliif'i  OoUv^  IokIm  :  BumiiiBttOD  fiw  tbe  OcdUga  HatrionUlwD  GartU- 

oklein  Engliweriiig. 
IMtenOy  Cbll«0»,  £o»doK:  lUtrieiil>tion  BzamlnaUoa  (^tginaeriug  I>»- 

pcitmeat). 
Bnyol  JmUoh  AvuMtrfiv  CUbpa.  Owper't  Hill :  Entruiae  Examiiwtioa. 
0^  and  OBtltb  ^  Lradon  Cnitrai  IMiiAwi  CUI*^ :  HktiionUtioo  Eiwa- 

inatloD. 
OMwrilly  CUbyt,  AMoI:  PraliniitMr;  ExuniiuitioB  (Engineeimg  Dep«rt- 

SeiMi  "Bimaacm  Dtpmiwunl :  Tha  Luring  GMtlBoate. 

(fa/ord  awl  OuiteMira  SduuU  Bxaminatioa  Board :  A.  HiKher  Oettiflota. 

Uninnttg  ef  AMaidt :  Seniar  Pahlio  Bxamiiwtion. 

Dmivettitf  0/  Tammutia :  Benior  Poblie  BzamioatiOD. 

OWroJ  WtIA  Board:  Uonoiin,  Seuiia  or  Junior.    Certifloato  tobs  endoiwd 

"  ArithniBUi],"  "  Algebra,"  uid  "  Oeometij." 
CoOegtrfPneepUm:  Aa  for  EagUih  ConpoaitioD  and  Bngluh  Gnvinar. 

Oertifloate  to  be  endoned  "Arithmetio,"  "  Algebra,'  aod  "  Oeoniatrj." 
Oxford  Loeal:  Aa  for  EagUih  Oompodtioii  and  Englub  Qmnmar.     Oar- 

tlfloate  to  ba  endoned  "Arithmetio"  and  "  Hatbematioa." 
Camlirtdgt  Loeal :  Aa  for  Bagliah  OompoBtion  and  EnglUh  Qramnar.    Cer- 

tiflo»te  to  be  endoned  "  Aiitlunetia  *  and  "  Matbematioa.'' 
Board  ^BiacaUm:  SoieMaEunitnatkin— Stage  1,  FintOlua;  01  Stage* 

2  end  8,  nny  Olaa. 

The  foregoing  regnlAtioiifl  da  not  apply  to  CkndidatM  irho  hftve 
prerionsl;  aat  or  reeeiTed  peimiKion  to  nt. 

A  Ckndid»to  who  does  not  poflsew  tha  rsqniBite  OertifioMtei  nuj 
be  permitted  to  sit  for  the  Euuniiution  of  the  Auociation  prior  tu 
NoTember  1, 1906,  provided  he  has  been  articled  or  is  sn  asriitsnt 
to  KX  engineer  to  an  nrbui,  «  oonat;  boroagh,  or  rani  distriot 
connoil,  and  prodnoes  latiiEaotatr  Certificates  from  the  master  tinder 
whom  he  studied  the  satgeota  reqaired.  Snoh  Oertifioatea  to  be 
made  ont  on  the  Form  sapplied  b;  the  Aasooiatioii.  No  Oertifloate 
will  be  aoeopted  &om  a  maater  who  is  not  a  Qnuloate  of  a  Bri^h  <w 
Colonial  UniTeraity,  or  who  does  not  posseaa  a  degree  eqniralent 
th«eto,  or  who  ia  not  a  oertifioated  teacher. 

A  Candidate  who  has  been  awarded  any  of  the  undermentioned 
Oertifioatea  ia  exempt  from  farther  ednoatbnal  ezaminatiou:  The 
Institution  of  Civil  Engineers,  Studentship ;  The  Boyal  Inatitnte 
of  Britiah  Arohiteots,  Preliminary;  the  Sarre/ors' InUitatlon,  I're- 
liminary. 

The  Oomuul  teserre  power  to  alter  or  add  to  the  foregoing  re- 
quirements. 

Two  or  more  Examinations  are  held  in  each  year,  one  at  least,  in 
April,  in  London,  and  one  at  leaat,  in  Ootober,  in  some  prorinoial 
town  to  be  fixed  on  by  the  ConncU  and  dnly  adrertiaed  beforehand. 

Examinatioiis  will  also  be  held  in  Scotland  and  Ireland,  proriding 
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ft  anfSoient  number  uf  Candidates  deaire  to  ^itor. 
Scotland  will  bn  held  in  October ;  In  Ireland,  in  April. 

Tlie  C3onnoiI  will  oonaider  applioationa,  and,  if  deeii&ble,  grant 
permission,  to  sit  at  theae  EzamlnatioDS. 

Intending  oandidates  nbo  hare  not  previonsl?  applied  for  per- 
minion  to  ait,  innst  do  ao  on  the  form  iaaned  with  the  ajllabna. 

If  permission  is  granted  bj  the  Oonnoil,  a  "sitting"  form  will  Im 
forwarded.  The  candidate  may  then  make  application  on  sncih  fann 
to  be  entered  for  the  next  enaning,  or  any  future,  examination. 

The  Council  will  accept  entries,  in  order  of  priority,  as  &r  as 
aoocmimodation  will  permit. 

Candidates  who  hare  sat  and  failed,  or  who  have  applied  for  ud 
reoeived  permission  to  at,  are  particularly  teqoested  to  ask  for  a 
"Bittiug"form,  when  they  deaiie  to  enter  theirnames  for  exMninatiou. 

The  fee  is  to  be  tent  teith  the  sitting  form  oin.T. 

Candidates  must  hare  attained  their  twenty-seoond  birthday. 

The  fee  for  each  Examination  is  4Z.  4«.,  two  guineas  to  be  paid 
with  tbe  "  sitting  "  form,  and  the  balance  on  the  day  of  examinatita. 
Should  the  candidate  fail,  be  is  entitled  to  preaeat  himself  at  any 
snbseqnent  EzaminatioQ,  on  payment  of  2L  St:,  one  guinea  to  be  paid 
on  application  and  one  gninea  on  the  day  of  £xaanination. 

Candidates  who  sat  and  foiled  at  auy  of  the  Kzaminatiaos  held 
prior  to  and  including  April  1898,  pay  II.  It.  entrance,  and  10*.  6^ 
sitting  feea. 

No  Airther  charge  is  made  to  the  candidate  than  the  feea  above 
mentioned. 

Candidates  who  do  not  present  themselves  for  examination  feifsit 
their  entrance  fee. 

Oandidatea  are  not  necessarily  required  to  answer  all  the  qoeetiona 
set  in  each  paper:  marks  are  given  for  all  questions  oorreetly 
answered.  Where  the  subject  is  sub-divided,  at  least  one  qnestioD 
•hould  be  attempted  in  each  sub-eeotion. 

The  Examinationa  occupy  three  days,  and  the  arrangements  an 
as  follows : — 

Pint  day,    10  to  1  ..         ..  Sanitary  Science. 

„  2.30  to  6.30      ..  Building  ConsbuetioD, 

Seoond  day,  10  to  1  ..  ..  ^gineering  (1st  Paper). 

2.30  to  6  ..  „  (2nd    „    > 

lliird  day,  9.30  to  11.30    ..  Manicipal  and  Local  Qovemment  La*. 

„  12      Viva  two*  Examination. 

Fifty  per  cent  of  the  total  number  of  marka  given  are  reqnind 
to  eonstitnte  a  pass. 

Saccessfnl  candidates  receive   a   Certificate  in   tbe  form  of  a 
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"  Testamur,"  Bigned  by  the  wting  EzMninerB,  uid  sealed  uid  eonntei- 
dgned  by  the  President  and  SeoretAiy  of  tbe  AaBociBtion  in  Cotinoil. 

So  infonoation  ma  to  the  reanlt  of  an  Exuninatioii,  beyond  the&ot 
of  a  oasdidate  baviog  "  Fused  "  or  "  Failed,"  ia  given. 

QnestioDB  set  at  Examinationa  held  prior  to  1902  can  only  be 
obtained  in  the  Tolnmes  of  the  '  Proceedings.'  On  sale  by  lieaara. 
E.  &  F.  N.  Sfon,  Ltd.,  Publishers,  67  Haymarket,  8.  W.  The  qaestions 
set  at  snbseqnent  examinations  aru  not  published. 

No  exemption  from  any  portion  of  tbe  Examination  is  granted  to 
oandidatee. 

Any  inqniries  referring  to  the  EzaminatianB  should  be  direated 
to  Mi.  Thokab  CktLi,  Beoretary  to  tbe  Association,  11  Tiotoria 
Street,  London,  S.W.,  and  should  be  aooompanied  by  an  addieeaed 
foolscap  envelope. 


SUBJECTS  OF  EXAMINATION. 

I. — EHOmiBDO  AB  AFPLIXD  TO   MmrtOIPAL   WoBK  : 

Lil  Paper. — ^A,  Sewage  Dieposai.  \      Qoestioiu  tn  TWO 

B.  Tmmwo^s  Co:i»iruc^u.  I  at  least  of  these 
a  Bridge  ConstruoUon.  (  inljeots  must  be 
D.  Water  Supply.  }  attempted. 

Sud  Paper. — A.  GeodGsy, 

B.  Hydraulics. 

G.  Sewerage. 

D.  Road  GooBtructioa  and  MaiDtenanoe. 

II. — Bdildiho  Constbuoiiox  :  Stskmoth  or  Uatkkialb: 

A.  Usterials. 

B.  The  Construction  of  Pnblio  and  Private  BuUdingE. 

C.  Building  By-lawg. 

D.  Public  Baths  and  Hospitals. 

in. — Sakitabt  Sonyos  as  affuid  to  Towns  ahd  Bdiliiimos  : 

A.  Heating  and  Tentitation. 

B.  Scaveoging  and  Disposal  of  Berose. 

C.  Water  Supply  and  Drainage  of  Biiildiogs. 

D.  Biunfealiou. 

IV. — Hvmaceu,  abd  Local  OoTMBNunr  Law  as  BnATora  to  tbu 
WoBK  OF  HujnoiPAL  Emginhbs  ahb  Subtxxobs. 

Non.— Ths  Ezaminen  do  not  taMHnmeDd  an;  partienlsi  text-books,  as  it  U 
dcalnd  to  make  the  EsanUnations  lather  a  test  of  the  oandidate^a  piaetlaal 
knowledge  of  the  snbjeota  generally,  ttiau  to  Bad  his  aoqasintaiiae  with  an; 
parUoolar  book  orboaiiB. 
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EXAMPLES  OF  QUESTIONS. 

^e  following  qnestioiia  have  been  oompiled  from  Examinatioii 
Papen  set  to  CandidKtea,  and  Berve  as  exnmplea  of  tho  qtustuaw 
uked  under  the  different  seotions. 

DmatnTOBB. — "Ton  ate  p«rtloalsrlf  requMted  to  write  leglblf,  and  toaomr 
(be  qoeatioD*  u  oontiadj  a*  ponible.  FUl  j»  ftmt  »itmbtr  wtora  AnttaalHl, 
abo  at  Iha  top  0/  mery  book  kandtd  At.  Plow  Out  qatMm-poftt  <mM>  fomr 
book  b^on  handing  U  in.  Pr^  Oa  nwntsr  of  Oa  quaUoit  to  mA  oiuMr. 
Wh»nlU*atii<)aUmb-dit>ided,at  Uait  ont  ^[ueiUim  *li»Mb«aaaatpttdintaA 
Mb-aagMoM.  Whererer  ponible,  freehand  iketobw  or  diafSiMiia  tfaoold  be  diava 
to  illiutrate  the  anavei ;  these  ihonld  be  oarefnll;  executed,  ai  thejr  will  ba 
taken  a*  showing  tbe  Gandidate'e  profldenej  in  thii  style  of  drawhig.  OandidatM 
must  not,  during  tbe  eiaminatlon,  niet  to  anj  booki  or  mutoialpt,  ef 
commtmlaate  with  eaoh  other,     Blide  rqlea  may  not  be  med." 


Smnor:— EHOINEBBINO  as  Appluo  to  Uvmiowal  Won. 


7IKST    PAPEB. 
Sbvaok  UmrosAL. 

I.  A  residential  town  of  10,000  iohabitanta,  with  an  adeqnate  water  capplj, 
has  to  he  sewered  and  dnined  on  to  a  square  piece  of  land,  2S  acRS  in 
exteot,  throngb  the  centre  of  whioh  rues  a  stream,  the  land  riiiiig 
therefivm  at  a  gradient  of  1  in  60  on  one  side,  and  I  in  130  oo  lh« 
other.  The  adl  is  loam,  of  an  average  depth  of  2  ft.  6  in.,  on  a  cub- 
stiatum  of  friable  clay.  Two-tiurds  of  tbe  Mwage  oan  gravitate  to 
the  uppermost  portion  of  land,  the  remainder  is  below  bed  ofttUKO. 
Desorlbe  and  illnstrate  hy  sketches  the  system  of  disposal  yoa  would 
recommend  nnder  these  oircumsianoes,  giving  partaoulan  of  oooitrue- 
tioD,  capacity,  coat,  qnantiCy  of  aewage  to  be  dealt  with,  (a)  if  stonn* 
water  inoladed,  (b)  if  excluded  ;  also  atate  standard  of  parity  of  efflnent 
yon  oondder  satiajaotcry, 

8.  Deeorihe  one  or  more  forms  of  aerating  beds  or  fillets  for  eewi^  pnriGca 
tioD,  tt^ther  with  the  arrangements  for  distributing  the  sewage  there- 
on. State  the  object  of  such  beds  or  Alters,  and  the  points  in  &vaar 
of  tbe  method  of  distribation  you  prefer,  u  compared  with  atiy  other 
method  known  to  yon. 
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EZA]fIITA.TIOHS. 


Tbakwatb  GoNBTBumoir. 


•  3.  Make  a  aketoh  of  the  crow  wotiDii  of  a  Uamway  worked  on  the  orerhead 
lystem,  double  track,  standard  gauge,  on  a  60-fL  road,  and  brieSy 
deecribe  the  mode  of  conatruotion  of  the  permaneut  way, 
i.  (a)  Sketch  a  Hction  of  a  tiaro  nil  for  electric  tiaotioD  with  heavy  traffic, 
giving  dimeoaions  in  detail  and  weight  par  yird,  and  state  the 
chief  pointa  to  be  observed  in  ite  obemical  compoaitdon. 
(b)  Similarly  sketch  a  joint, 
(e)  State  the  advantages  and  disadvantages  (if  any)  of  saoh  a  joint. 

Briimb  Cohstbfotioh. 

5.  Show  a  method  of  oonneoting  a  oroos  ginler  of  a  steel  road  bridge  to  the 

bottom  tmnn  of  main  {^cd«r,  and  of  floor  c<HtsCruotjon  for  Hm  bridge. 
The  bridge  is  40  feet  wide  ttetween  main  girders  which  form  the  pan- 
peta.  Crass  girders  at  10  ft  oentres.  Total  of  dead  and  live  loads, 
which  may  be  taken  aa  eqnally  divided,  8  ewt  per  inperfloial  foot  of 
flow  surface.  Candidate  nuy  select  ^pe  of  main  and  cross  girders, 
and  floor  otmstmction. 

6.  (a)  Give  the  points  to  be  otm^ered  in  designing  a  steel  girder  rood 

bridge  of  100  ft.  span  and  42  ft.  dear  width  between  the  main 

(b)  Bri^y  state  the  tests  yon  wonld  apply  to  the  Tarions  parte  of  the 
bridge. 

Watkr  Sufplt.  I 

7.  An  open  reservoir,  20  ft.  deep,  has  to  be  ooostmcted  on  the  side  of  a  hill 

having  a  slope  of  1  in  2S,  the  foundation  being  lai^  bonlden  and 
locee  shale  under  8  ft,  of  peaty  soil.  180  days'  storage  has  to  be  pro- 
vided for  a  residential  town  of  20,000  inhabitants.  Sketch  and  flgnre 
section  throngh  lower  and  npper  sides  and  floor,  and  indicate  the 
diflerent  materials  used.  Give  cubical  contend  in  feet  and  gallons, 
and  the  pressure  per  aqoare  foot  oa  centre  of  floor  and  half-way  np  the 
side,  when  the  reservdr  is  three-fourths  fulL 
6.  Describe  and  iUostrate  an  apparatus  by  means  of  which  a  water  mun 
whilst  remaining  under  presaore,  may  be  drilled,  tapped,  and  a  service 
ferrule  connected. 


BBOOin)   PAPXR. 

GlODEST. 

.  It  is  propoaed  to  purchase  for  a  recreation  ground,  a  four-aided  field, 
6T2  ft,,  3S8  ft,  806  ft.,  and  287  ft,  meamired  to  centre  of  hedges,  the 
ditch  being  inside  in  each  case.  Near  the  centre  Is  a  smsll  irregnlarly- 
ahaped  orchard,  about  SO  polea  in  area,  surrounded  by  an  impoMbable 
hed^  Bhow  by  sketch  plan  your  plotting  out,  give  area,  and  oost  at 
SOW.  per  acre. 
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I  2.  Bute  how  you  would  (eit  »  level  for  parttkz,  and  adjnat  it ;  ud  thi 
method  of  Ueting  and  oomctiDg  for  collinutMHi, 

HTDSAUIJO& 

3.  What  ia  the  diicbarge  of  ft  water  main  6  in.  diameter,  2000  ft  long,  wi& 

aMIoftSfeet? 

4.  What  would  be  the  quantity  of  water  por  minnte  whidi  wonld  nm  ora 

a  rectuiguUi  notdi  1  ft.  wide,  and  1  It  in  depth  trom  the  valer^ 
■nrfooe,  and  diow  the  oalcnlationa  hj  wbloh  yon  arrive  at  the  lomlt  ? 

SlWIRAQE. 

6.  Sketch  orou  wction  of  an  e^-ahapad  sewer  6  ft.  high,  to  be  acMistrncted 
through  water-logged  gronnd,  giving  diameters  at  top  and  bottom, 
radius  of  sides,  and  area.  Indicate  materials  used,  figure  thlckncMSii 
and  write  brief  spedfication,  including  method  of  teattng  to  be  adt^ited. 
Ofve  quantity  of  sewage  dischai^ed,  if  running  2  &  7  in.  dec^  witii  k 
velootty  of  2  ft.  per  seoond. 

6.  You  have  a  mwn  outfall  sewer  with  a  1  per  cent.  Ul,  uid  wish  to 

connect  a  branch  sewer  from  a  higher  district,  the  valley  sidea  being  ho 
steep  that  you  must  have  a  6  per  cent.  falL  How  would  yon  pt^Mse 
to  reduce  tbe  velocity  in  the  branch  so  thst  in  heavy  floods  the  main 
sewer  woold  not  be  cJioked  or  blown  up  ? 

KoAv  CoKBTBuoTioN  akh  Madttxiakgx. 

7.  A  road  20  ft.  wide,  a  mile  long,  having  but  little  waste  at  sides,  with  a 

very  slight  fall  from  either  end  to  near  the  centre,  where  is  the  only 
outlet  for  storm-water,  has  been  destroyed  hj  heavy  traf&o,  there  being 
no  foundation  other  than  coarse  sand  and  grave!  16  indtes  ieep,  oiver 
stiff  clay.  Describe,  by  short  specification  and  sketcheo,  bow  yov 
would  proceed  to  thoroughly  le-instate  and  drain  the  read,  using  tbe 
prices  of  the  various  malerials  and  labour  prevalent  in  yonr  own 
neighbourhood ;  aod  give  the  quantities  required,  and  estimate  ooat  of 

8.  What  are  the  advantaeee  and  disadvantages  respectively  of  tnaintaining 

macadamised  roads  by  the  system  of  ccaitinuons  ooatings,  as  oompkied 
with  the  system  of  systematic  patching? 
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SowBOT :— BUILDING    CONSTBDOTION. 


A.    Hatxbulb, 

1.  What  duciiptioiia  of  timber  are  beatstuted  for  the  conatruotion  of oatdde 

work  ?     Name  them  in  order  of  merit. 

2,  Wiito  a  speciflcation  of  good  hair  mortar. , 

8.  Qive  the  proper  thicknesses  of  sheet  lead  in  lbs.  per  square  foot  naed  <xi 
roofs  in  varioDS  parta,  giving  the  trade  t«rnis. 


B.    The  Cokbtbuotioii  or  Publid  add  Pbttati  Builoinob, 

1.  What  ia  meant  l>f  a  "  king  post "  and  n  "  queen  poet "  ^odpal  ?    Hake 

a  aketch  of  each,  with  soantlingB,  applied  to  Hpani  of  25  feet  and 
60  leet  reepectirely,  and  state  distance*  between  the  principala. 

2.  What  proportions  of  cement,  sand  and  broken  briok  or  atone  would  you 

apedfy  for  concrete  fcr 

(a)  Foundations  for  main  walla. 
(6)  Concrete  stair  landings. 
(0   Water-tight  work. 

8.  Draw  a  figured  section  of  a  wnmght-iron  girder  ova  a  shop,  20  feet  dear 
span,  to  carry  front  wall  of  house,  two  storlea,  23  feet  total  hdght,  and 
^e  floor  Jolsta  of  two  rooms,  tbe  thickness  of  the  wall  to  be  1|  brick. 


C.    BnTLDOfo  Bt-Lawb, 

1.  State  the  means  of  ventilation  requiied  to  be  provided  fw  a  "  habitable 

room  without  a  fln-pUGe." 

2.  What  proportion  do  the  **  Model  By-Lawa  "  [mwribe  for  the  open  apace 

in  rear  of  a  dwelling,  and  how  to  be  measured? 
8.  State  generally  tlie  requiremeuti  of  tfaeae  by-laws  a*  to — 

(a)  'lie  levels,  widtha  ai.d  ooostrcotion  of  new  atreeU. 

(b)  Tlie  construction  of  water-cloeets  in  a  building. 


D.    PuBUO  Baths  axd  UoanTALS. 

1.  Qive  eketchca  and  desctiptiona  of  a  covered  swimming-bath  pond,  and  of 

the  heating  and  overflow  arrangementa  thereof. 

2.  In  case  of  a  temporary  hospital  for  immediate  reqnirKDents,  ^ve  sketch 

plan  showing  powtiott  of  dcaets,  bath,  nuraaa'  lootu  and  adminiatiative 
daparbnenta. 
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SDBJsn:— SANITARY  SGIEITGE  ab  Applhd  to  Toms 


1.  How  would  fon  warm  and  ventilate  a  ward  in  an  iafeotions  c 


8.  Describe  the  sjalem  ;ou  would  emplo7  for  TentiUting  a  tha«tre  of  arange 
tise,  asBuming  your  own  oonditions. 


B.    BcATKHaua  ard  DuFQeu.  or  Bkfdbk. 

1.  Describe,  so  Tbc  as  house  refuse  is  oODcerned,  the  beet  mode  of  oollectian. 

2.  How  many  cells  would  you  specify  in  a  refuse  destraotor  for  a  popolaiaaB 

of  40,000  in  a  residential  town  ? 
8,  Give  a  short  description  of  the  "  conservaiicy  "  systeais  of  dispoaal  of 
town's  refuse,  and  the  sdvantsges  or  disadrantagse  of  each  system. 

G.   Vaster  Sdpplt  and  Dbadtasb  of  BuiLDiiros. 

1.  State  the  advantages  of  soft  water  and  of  hard,  comparatively. 

2.  A  dwelling  house  is  to  be  erected  on  damp  subsoil ;  describein  detail  •Jha 

necessary  works  to  render  it  dry  and  healthy. 

3.  What  gradient  would  be  neoewary  iu  4,  6  and  9-9Dch  pipe  to  enaim 

self-cleansing  ? 

D.      DiBIHFKOTIOB. 

\,  Describe  a  disinfectiog  etatioa  saitable  for  a  town  of  40,000  popolatioii, 
notidng  tlie  spedal  points,  and  ifl^iog  the  pnaoipol  dimensions.  Giv* 
an  approximate  eetlmate  of  cost  excindiDg  land,  etating  cost  of  9-tDdi 
briokwOTk  per  aqnare  yard. 

2.  Describe  varknu  forms  of  disinfecting  apparatus. 

8.  What  method  would  you  adiqit  to  prevent  the  spread  of  infections  diaeaao 
which  has  teoken  out  in  a  crowded  portion  of  the  district? 
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EXAUINATIONB. 


SiTMiOT  ^MUMIOIFAL  ABD  LOCAL  GOYEBNMENT  LAW 

AS  BlLATISe  TO  TBI  WoBK  OW  MmnOIPAI.  ADS  COUKTT  EhSINUBB 
AHD   BVRTMtOaB. 

(England) 

1.  Hark  on  the  Mcompfuiying  plan  wbioh  i»  "  Mwen "  uid  which  are 
"  dnina  "  in  connection  wiUi  the  streets  A,  B  and  C,  and  the  properties 
D  to  K  Teepectivelj',  giving  the  gronnds  npOQ  which  yon  base  joui 
oonclnBioDB. 


2.  State  the  provisions  of  the  PnbUcHealth  Acts  Amendment  Act,  189<^  with 

respect  to  "  Sanit&ry  Conveniences  for  manurectories."  What  number 
of  water-cloeeta  should  yon  consider  sufficient  for  (a)  100  mal«fl;  (h) 
100  females? 

3.  Spcdfjr  the  duty  of  a  loc&l  anthority  with  respect  to  (a)  nuisances ;  (6) 

epidemics. 
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446  APPENDIX. 

1,  Give  A  short  oatUne  of  Act  for  Hoiulng  of  the  Wo^ng  Ctow,  lod  tbe 
rMpoBribilitf  of  a  local  authority  where  the  Huns  hu  been  adi^ited. 

5.  An  urban  aatboritj  dwirea  to  widen  and  Impion  a  pablio  atreat.    Stale 

the  different  mothoda  of  praoaeding.  Name  the  Tanooa  Acta  and 
olauMB. 

6.  What  are  the  regnlationa  pneoribed  in  the  Tmmwajrs  Act,  1870^  with 

regard  to  openiog,  breaking  up  and  altering  tiM  leral  of  raada  bf  a 
tiwnway  eotafmaj  fat  the  poipoae  of  making,  maintaining  aod  miev- 
ing  a  doly  antht^aed  tramway  ? 

7.  What  is  the  meaning  of  the  term  "  main  road,"  need  in  tba  Local 

Govemment  (Bn^aod  and  Wales)  Act,  1888,  and  in  the  Hi^ways 
and  LooomotiTes  (Amendment)  Act,  1678  i 
a.  What  steps  most  a  local  anthoritf  take  before  oommenoing  aewaragB  or 
sew^e  works  without  their  district  ? 

9.  In  what  manner,  and  onder  what  Aot,  may  nunons  or  dangHona  boQiUngi 
be  dealt  with  ? 


ICdhioif&l  avd  Looal  QoTiBirKiNT   Law   as   SxLinNa   to    thi 
Work  of  MttmoiFAL  BsaiNHBa  uro  SraTsrou. 

(Scotland) 

1.  Define  the  various  roads  to  which  these  words  apply,  tIe.,  Highway, 
Turnpike  Road,  Statute  iMitaot  Boad,  as  intorpreted  by  the  Boada  and 
Bridges  (Scotland)  Act,  1878. 

Z.  DeacrilH  the  statutory  provisions  whereby  a  local  anthc^ty  csa  noorac 
from  any  person  expenses  for  damage  to  highways  canssd  by  «ztn- 
ordinary  traffic  thereon,  or  by  uoaaaiTe  weight  passing  along  the 
game;  and  state  in  what  Act  of  Parliament  these  provldcsia  an 
embraced. 

8.  To  whom  must  applloadon  be  made  for  authwity  to  lay  ont  new  streeta  f 

Speuify  the  details  which  require  to  be  shown  on  the  plan  aooompanying 

the  appiicatiiMi. 
4.  If  a  Bu^b  should  deeire  to  imfvova  any  existing  privata  streets,  what 

statntory  prooednre  would  be  necessary  ? 
6.  What  are  the  powers  of  a  Burgh  with  reference  to  the  ke«iHng  of  footpatha 

of  pnUio  streets  in  proper  repaur?    How  br  do  theae  powcn  apply  to 

private  Streets  7 
8.  Speciry  the  imnedore  whioh  most  be  adopted  in  a  Bollcs  Burgh  befors  a 

public  sewer  can  be  laid.    Under  what  Act  is  this  m 


7.  What  powers  of  entry  are  pren  tinder  the  Public  Health  (Scotland)  Act 
for  ^e  purpose  of  examining  drains,  and  what  is  the  i 
cedure? 
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8.  Speoif^  the  duty  of  %  Local  Authority  with  rafarence  to  the  mtar  nipply 

of  bailding*  in  &&  isolated  district. 

9.  Enumente  the  powers  gireti  for  the  fbrmstion  of  speolal  wfttar  snppljr 

diatriots.    Bute  briefly  under  what  oitcnmstauoea  «  Local  Authority 
la  bonnd  to  take  sotioii. 
10,  What  were  the  reqnirenienta  of  the  1892  Buigh  Police  (Scotland)  Act 
with  regard  to  beck  q««e  for  [aopoeed  baildiogs,  and  what  alteratioa 
wae  made  by  the  1908  Act  ? 


BOABD  OP  EXA11IKEB& 

Tbi  FkBSiDiira  or  Tax  Amogutioh  {ea-offieio). 
0.  0.  BoBWR,  U.  Inst  CK,  OhairmtM. 


Lawn  AnaxLL,  H.  Inst.  OJi., 
FJLI.B^,  Fellow  of  King's 
College,  London 

J.  P.  Bahbeb,  M.  luit.  0  J!. 

W.  NoBn  BI.UB,  H.  Inst  O.E. 

J.  C.  Bkrluo),  M.  Iiut  O.E. 

J.  A.  BBoi>ix,M.lDBtO.B. 

J.  Bbyob,  A.H.  loflt  O.E. 

A.  E.  OoLU]is,M.Inrt.OA 

0.  H.  Ooom,  ICInat.  O.E. 

H.  A.  CoTUB.  A.H.  InstCB. 

A.  T.  Datis,  U.InsLaB. 

B.  H.  DomiuM,  M.  Inst.  O.E. 
W.  Dtaok.  M.  Init  G.a 

^  J.  T.  Eatss,  H.InsLO.E. 
A.  H.  Fovun,  H.  Inst.  O.E. 

A.  D.  QuATORxx,  A.H.IiutO  Jl. 

B.  Hastt,  H.  Inst  C.K  L 
0.  JosM,]tlnstO.E. 
Jamh  Lzb. 


,  jAxia     LutOH,    U.  laat  O.E, 
F.B.LB-A. 
Job.  LobiiXt,  lf.Ingt.G.B. 

A.  B.  UoDoNAin,  H.  Inst  O.E. 
E.  O.  Mawbxt,  H.  IdbL  C.E. 
Fbabois  J.  0.  Hat,  M.  Inst.  aE. 
C.    J.   HuLTAHT,  H.  XnsL  O.E.» 

B.A.  L  (Dablin). 
jAKn  Paton. 

J.  PxHBT,  U.  Inst.  O.E.,  M.E. 
J.  S.  PioDuno,  H.IiukO.E. 
W.  H.  PsBsooTT,AJkLInstOJi. 
J.  PsjOB,  U.  Inst  OE. 

B.  RiAD,  A.M.  Inet  C Jl. 

R  J.  Thomas,  If.  Inst  OJH. 
H.  T.  Wakslav,  U.InstO.E. 
W.  Wbatmb,  ILIust  O.E. 
G.  F.  Wnu,  H.Iiut.O.B. 
T.  H.  Tabb»)oii,  U.  Inst  OJL 
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CAm>IDATE8  WHO    PASSED  THE  EXAHINAIIOH 
HELD  19(Hr-1905. 


iith  md  i7th  ScMminatioM,  October  1901. 


0.  0.  Brftdley. 

KlLBnU. 
A.  B.  Catboart. 
R  E.GUrke. 
P.  Orook. 
A.  E.  Dftrbf. 
W.  J.  Goode. 
A.  T.  Gowemim. 
A  Grove. 
J.  R.  Hadfield. 


H.  W.  Hague. 

H.  F.  Hatobinum. 

L,  Kenyon. 

H.  B.  Hathew. 

J.  E.  NeedbuQ. 

J.  Owen. 

C.  Pnraey. 

J.  J.  Qnii-k. 

J.  H.  Woolston-Smith. 

W.  Wright 


48^  and  i9th  ExaminationB,  Apnl  190tf. 


H.  W.  Barker. 
B.  Butler. 
W.  G.  Cross. 
W.  Panar. 
P.  a  GreenhilL 
E.  Onnsoa. 
B.  Haletead. 
J.  HassalL 
J.  A.  Jones. 
G.  H.  Eay. 
A.  J.  Lyddon. 
A  J.  McArd. 


F.  E.  Marsh. 
S.  Hattheiv. 
K  Hinore. 
G;  L.  Morgan . 
J.  Nighy. 
J.  Iforrington. 
E.  Parry, 
D.  H.  Price. 
B.  Boyce. 
J.  U.  Sagar. 
J.  A.  Tonge. 


ItyGOO^IC 


jKnnoits  of  JBcossetr  jKatdurs. 


Tbe  Council  having  been  requested  to  append  some  short  notice 
of  tJtie  decease  of  Members  of  this  Association,  will  feel 
obliged  t^  early  notice  being  forwaided  to  tbe  Secretary, 
with  snch  partdcnlars  as  it  may  be  desirable  to  insert  in 
these  'Proceedings.' 


Mr.  William  Beatsoh,  late  Bai^h  Surveyor,  Leith,  died  on 
April  24, 1904,  in  his  72nd  year.  He  was  bom  at  Abemethy, 
and  received  his  early  training  in  the  employment  d  his  fitther 
and  hifl  nncle.  I^ter  on  he  obtained  a  sitnataon  in  tbe  office  of 
the  City  Architect  of  Glasgow,  Euid  was  afterwards  appointed 
Sanitary  Inspector  and  Surveyor  of  Drainage  at  Paisley.  In 
1869  he  was  appointed  Burgh  Surveyor  of  Leith,  and  he  h^d  this 
office  till  1902  when  the  post  was  made  a  joint  one  by  the 
appointment  of  Mr.  J.  B.  Findlay,  of  Montrose.  He  was  elected 
a  Member  in  September  1891. 

Mr.  Edwakd  Rice  Sweet  Ebcott,  formerly  Borou^ 
Engineer  of  Halifax,  died  very  suddenly  of  heart  disease  on 
September  6,  1904,  in  his  64th  year.  He  went  to  Halifax  as  a 
yoong  man  as  sssiBtant  to  Mr.  Boddy,  the  then  Borough 
Engineer.  Afterwards  he  was  appointed  Boroi^  Surveycn*  of 
Bnmley.  On  the  death  of  Mr.  Boddy  in  1874,  he  was  appointed 
his  successor  at  Halifax,  and  held  the  ofBce  till  1899  when  his 
health  gave  way  and  he  was  compelled  to  relinquish  the  posi- 
tion. He  afterwards  carried  on  for  some  time  a  practice  as 
Consoltiiig  Engineer.  He  was  one  of  tbe  founders  of  the  As- 
sociation in  1873,  and  was  President,  1895-96. 

Mr.  Abtbdb  John  Leopold  Evans,  late  Boroog^  Surveyor, 
Luton,  died  on  December  13,  1904,  of  valvular  disease  of  Uie 
heart,  in  his  41st  year.    He  ynB  bom  at  Bunlem  and  educated 
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